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1.0 INTRODUCTION

This Quality Assurance Project Plan (QAPP) presents the organization,
objectives, functional activities and specific Quality Assurance (QA) and quality control (QC)
activities associated with the Remedial Investigation/Feasibility Study (RI/FS) at the Du Pont
Landfill in-Newport, Delaware. The QAPP is designed to achieve the specific data goals of the
~ RI/FS by deseribing minimum procedures to assure that the precision, accuracy, sensitivity,
completeness and representativeness of the collected data are known and documented.

This QAPP has been prepared in accordance with "USEPA, December 29, 1980,
Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans, QAMS-
005/80 (Ref. 1)." ‘

Other documents which have been prepared for the Du Pont Newport RI/F
and are referenced in this QAPP (Refs. 2 through 12) include:

o Administrative Order by Consent (Consent Order) - (Ref. 2)
o Work Plan - (Ref. 3)
o Health and Safety Plan. (HSP) - (Ref. 4)
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3.0 PROJECT DESCRIPTION
3.1 OVERVIEW

In 1986, the Mitre Corporation, under contract to the USEPA, conducted a site
evaluation at the Holly Run Plant site and generated a Hazard Ranking System (HRS) score for
the North Disposal site, in accordance with provisions of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA or "Superfund"). An overall HRS score
for the site of 51.91 was developed, based upon observed groundwater contamination and the
potential (not observed) impact on regional water supply wells. Surface water and airborne
exposure routes were considered insignificant in the HRS scoring. Based upon the HRS score,
the USEPA has proposed inclusion of the site on the Superfund National Priority List (NPL),
which would require remedial investigations, feasibility studies,and possible remedial actions
under the terms of CERCLA. ’

Under the terms of an Administrative Order by Consent with the USEPA
(Consent Order) (Ref. 2) dated February 18, 1980, Du Pont has agreed to conduct an RI/FS at
the Holly Run Plant Site. The RI/FS will be performed in accordance with the terms and
conditions of the Consent Order. Details of the scope of services and schedule for
. implementation of the tasks necessary to conduct a RI/FS for the Site are contained within the
Work Plan (Ref. 3).

3.2 BACKGROUND

The Du Pont Newpoft landfill is located at the site of the Holly Run (or
Newport) Plant of the E.I. du Pont de Nemours and Company in Newport, Delaware
(Figure 3.1). The landfill consists of two separate areas separated by the Christina River
which flows through New Castle County, Delaware. The portion of the landfill which is
located north of the Christina River is a seven acre parcel bounded on its southeast side by the
Christina River. The southern part of the land is fifteen acre parcel bounded by the Christina

#r303563 @




Woodward-Clyde Consultants

| Uil 1]
Du Pont Newport QAPP {ﬁg};tion 3
88C2076-1 , Revision 1
7 April 1988
Page 2 of 17

River on the northwest. The former is referred to herein as the North Disposal Site, and the
latter is referred as the South Disposal Site.

The Newport Plant is a pigment manufacturing plant now owned by Ciba-Geigy
located at James and Water Street in Newport, Delaware. The site was originally owned and
operated (from 1902 to 1929) by Henrik J. Krebs for the manufacture of Lithopone, a white
inorganic pigment. In 1929, Du Pont purchased the site, which has since been used to
manufacture Lithopone and other materials, including organic and inorganiec pigments. The
pigment manufacturing operations were purchased by Ciba-Geigy in 1984 while chromium
dioxide recording tape operations have been retained by Du Pont.

During plant operations, areas of the site bordering the Christina River were
landfilled as a means of waste disposal until 1974, when Du Pont terminated such on-site
landfill activities (Figure 3.2). The South Disposal Site operated from approximately 1902 to
1953 and covers approximately 15 acres. Materials disposed in this landfill consisted of
primarily insoluble residues of zine and barites ores, which were pumped through a pipeline
- under the Christina River. Some dikes and berms were constructed to contain the material.
This material hardened to a sandstone consistency, according to Du Pont's records. In 1973,
the State of Delaware, Department of Highways, deposited approximately 130,000 cubic yards
of soil from highway construction at this loeation, covering the South Disposal site with
approximately 3 feet of soil.

The North Disposal site (see Figure 3.2) was used for disposal of general refuse
and process wastes from the early 1900's until 1974. The North Disposal site covers
approximately 7 acres. Table 3-1 presents a summary of materials known or suspected to have
been disposed in the North and South Disposal sites. |

The major waste materials containing potentially hazardous constituents,
based upon available information, are discussed below:

AR30356k
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Lithopone Wastes The lithopone process produced a white pigment composed
of barium sulfide and zine sulfate. Some lithopone pigments (off-quality) and lithopone wastes
may have been disposed in the North Disposal site. Several thousand tons of fill dirt
containing zine and barites ore were also placed in the North Disposal site.

Wastes from the lithopone process consisted of insoluble ore residues. Zine
ore was treated with sulfuric acid to dissolve zinc. Insoluble residues were precipitated with
ferrie hydroxide, resuiting in a "red mud" which was disposed. The zine process also produced
a byproduct filter cake which was sold for cadmium recovery.

The barium sulfate ore was roasted in kilns to reduce the sulfate to barium
sulfide, which was dissolved in hot water. The insoluble ore residues formed a "black mud",
which was disposed. The waste muds were generated in an estimated ratio of 1 part red mud
to 3 parts black mud. Best estimates indicate disposal of approximately 25,000 tons of thj
mixture over approximately 15 acres in the South Disposal site. After 1953, any remaining 01'
residue wastes were disposed in the North Disposal site. According to the available records,

- after disposal, the muds solidified to a "sandstone consistency". Potential contaminants from
lithopone wastes and ore residues include barium, zine, and cadmium,

Copper Phthalocyanine Wastes Copper phthalocyanine, a stable blue-green .
pigment has been manufactureci at the plant since 1947. In general, byproducts have been
discharged to municipal waste treatment facilities. Some off-quality pigments were disposed
at the North Disposal site. Aeccording to data provided by Du Pont, copper phthaloeyanine is
essentially non-toxic by the oral route. It has been approved by the U.S. Food and Drug
Administration (DFA) for use as a pigment in polymers used in food packaging. According to
Merck (1983), this compound is also approved by FDA for use in polypropylene sutures.

Quinacridone Wastes Quinacridone, a stable red organic pigment, has been
manufactured at the plant since 1958. Byproduets of the process have generally been
discharged to municipal wastewater treatment facilities, with the exception of an insoluble

AR303565 ‘
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tarry solid, which was disposed in the North Disposal si'ge untii 1974. Primary constituents of
this tar are biphenyl, diphenyl ether, and alpha-methyl naphthalene. The quinacridone process
also used tetrachloroethylene and it is possible that some quinacridone wastes may have
become contaminated with tetrachloroethylene or Dowtherm constituents. Off-quality
quinacridone pigments were also disposed in the North Disposal site. Soluble components of
quinacridone wastes, including tetrachloroethylene if present, represent potential groundwater
contaminants from this material. According to data supplied by Du Poht, quinacridone itself is
essentially non-toxie by the oral route, and has been approved by FDA as a colorant for poly-
olefins used in food packaging.

"Afflair® Pigment Wastes Afflair, a stable white pigment, consists of mieca
coated with titanium dioxide. Some serap miea (a natural mineral), was disposed at the North

Disposal site. This material is unlikely to represent a significant source of contamination.

Metal Production Wastes From 1950 to 1960, several metals and metal alloys
were manufactured at the plant. These included titanium, zirconium, and silicon, which are
relatively inert substances. Unknown, small quantities of off-grade materials were disposed in
the North Disposal site.

For about 2 years during this period, thoriated nickel (nickel containing 2-5
percent of ThO9) was produced. Approximately 20 tons of process wastes (primarily off-grade
thoriated nickel) were disposed in the North Disposal site under NRC guidelines. Thorium is a
radioactive substance. ‘

Since the metals produced are essentially insoluble in their metallic forms,
there is little potential for leaching of the disposed ThOg and its daughters.

Chromium Dioxide Wastes Chromium dioxide has been manufactured at the

plant since 1966, some of which is used in production of magnetic recording tape (mylar coated
with chromium dioxide). Approximately 10 tons of off-quality chromium dioxide (in drums)

AR303566
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and mylar recording tape (in bags) were disposed at the North Disposal site. The primary
potential groundwater contaminant from this material is the heavy metal, chromium, which

has not been found in groundwater in measurable concentrations.

Miscellaneous Wastes As shown on Table 3-1 a variety of other wastes
including low volume process wastes, lab packs, and garbage were disposed in the North
. Disposal site. A variety of low level contaminants could be present in these materials.

3.3 START, MILESTONES AND COMPLETION

The RI/FS activities will be implemented according to the deliverables
schedule set forth in Article VI of the Consent Order (Ref. 2). A summary of the project
schedule is presented in Section 9 of the Work Plan (Ref. 3).

3.4  OBJECTIVES AND USE OF DATA ‘
The overall objectives of this RI/FS are to:

o determine the nature and extent of contamination at the Du Pont site
(Remedial Investigation, RI),

o determine if the site poses a threat to public health and environment
(Endangerment Assessment, EA), and

o develop, sereen and evaluate remedial action alternatives to prevent, mitigate
or otherwise respond to or remedy the release of hazardous substances (if any)
from the Newport site.

AR303567 (@)
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The RI/FS includes the following 7 general tasks, each having several subtasks:

Task 1 Deseription of Current Situation
Task 2 Site Investigation

Task 3 Site Investigation Analysis

Task 4 Remedial Investigation (RI) Report
Task 5 Remedial Alternatives Scereening
Task 6 Remedial Alternatives Evaluation
Task 7 Feasibility Study (FS) Report

The environmental monitoring and measurement efforts covered by this QAPP
are limited to subtasks within Task 2, Site Investigation. The Site Investigation will be
performed to gather sufficient data to accémplish the RI/FS objectives. The Site Inves-
tigation is designed to more fully characterize the current 6n-site conditions and the
environmental pathways by which the site may be impacting the surrounding areas. The
subtasks include:

Subtask 2a Waste Characterization

Subtask 2b Radiological Investigation

Subtask 2¢ Hydrogeologic Investigation

Subtask 2d Production/Residential Well Investigation
Subtask 2e Soil and Sediment Investigation

Subtask 2f Cap Integrity Study

Subtask 2g Surface Water Investigation

AR303568
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The specific objeetives of the Site Investigation subtasks are as follows:

2a Waste Characterization

o] Determine boundaries of the waste disposal area at the site through a surface
geophysics survey,

o Determine the potential on-site location and extent of distribution of volatile
organic compounds through a soil-gas survey,

o] Assess the on-site waste characterization by sampling disposed materials from
test pits and borings, and

o Define naturally occurring background concentrations for U.S. EPA Target
Compound List (TCL) parameters in the ground water within the immediate
site vieinity so that comparisons with on-site liquids ean be evaluated.

2b Radiological Investigation '

o] Determine the presence or absence of radioactive material in the waste by
radon gas sampling and defining surfical extent of any gamma radiation
emission from the site surface above ambient background levels for health and
safety of on-site personnel.

2c Hydrogeologic Investigation

o Assess the current ground water quality of the water bearing formation(s)

beneath the site with respect to occurence and contaminant mobility,

o Define the vertical and horizontal nature and extent of contamination (if any)
within the local ground water,

AR303569 @)
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Characterize the ground water flow pathways near the site by evaluating
physieal data relating to regional aquifer(s), local flow directions and the
attenuation capacity and mechanisms of the soils, and

Define naturally occuring background concentrations for TCL parameters in
ground water in the immediate site vicinity so that comparisons with down-

gradient concentrations can be evaluated.

Residential/Production Well Investigation

Assess the current and potential impact of site related contamination (if any)
on the water quality of nearby residential, commercial and industrial
production wells, and

Define naturally occurring background concentrations for TCL parameters in
production wells in the immediate site vieinity so that comparisons with down-

gradient concentrations can be evaluated.

Surface Soil and Sediment Investigation

Assess the horizontal distribution of TCL parameter gontamination in cover
materials surface soils and sediments from on-site areas, at the site

perimeters, and in close proximity to the site,
Define naturally occurring background concentrations for TCL parameters in

surface soil and sediment samples in the immediate site vicinity so that

comparisons with on-site and down-gradient concentrations can be evaluated.

AR303570
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2f Cap Integrity Investigation
0 Assess the physical integrity of the current cover material on the site to
determine its physical characteristies, and
o Evaluate the surface runoff/infiltration potential of this material.
2g Surface Water Investigation
o Identify the site drainage patterns, the flow characteristics and the general
physical nature of the adjacent surface water systems,
o] Assess the impaet of surface water runoff from the site in its current
condition on the quality of adjacent ditches, streams and ponds, ‘
o Determine levels of TCL parameters in the water of these surface water
bodies that may have been impacted by previous or current site conditions, and
o Define naturally ocecurring background concentrations for TCL parameters in
surface water bodies in the immediate site vicinity so that comparisons with
down-gradient concentrations can be evaluated.
3.5 DATA COLLECTION SUMMARY

A complete descriptions of the Site Investigation subtasks are provided in the

Work Plan (Ref. 3, Section 2). A summary of the sampling and analysis effort is presented in

Table 3-2. The parameters which will be analyzed in the various site media are indicated in

Table 3-3.

Ar303571 @
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TABLE 3-1
WASTE DISPOSAL INVENTORY
DU PONT NEWPORT SITE
NORTH DISPOSAL SITE
Material Estimated Quantity
o] Garbage several tons
o] Trash (glass, wood, paper, cardboard) 100 tons
o] Steel drums ) several hundred tons
o Lever Packs several hundred tons
0 Sand and dirt several hundred tons
o] Concrete .
e} Steel work
0 Asbestos 5 tons
o) Light ballasts - PCB's/PBB's 2 tons
o Rubber - gasket material, tires a few tons
from garage
o Nylon shutters 2 tons
o Artificial marble - "Corian" 4 tons
o Acrylates and latex emulsions several hundred pounds
o’ Quinacridone tars 1,000 tons
o Bad quality copper 100 tons
phthaloeyanine pigment ’
o) Bad quality quinacridone pigment
o} Bad quality "Afflair" pigment estimated 10,000 - 15,000 lbs
o} Bad quality Chromium Dioxide 6 tons
coated "Mylar" recording tape
o "Afflair" fines (30% mica) plus estimated 100,000 Ibs
(70% tiOg) :
o Bad quality Chromium Dioxide 2 tons
floor sweepings and bags
o Thoriated nickel 20 tons of combined waste
o Dirt econtaminated with zine ore several hundred tons
o Raw materials left in bag liners several hundred tons

and drums and leaks from drums

- Quinacridone

-  Copper phthalocyanine
- "Afflair"

-  Magnetic Products

a few tons
a few tons
a few tons
a few tons
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TABLE 3-1 (Continued)

Material _ ' Estimated Quantity

0 Labortaory waste ineluding resins a few tons
from Quinacridone, copper
phthalocyanine, "Afflair", and
Magnetie Produets
0 Zine and Barite ores several thousand tons

o Scrap amounts of the following materials (maximum several tons).

- Graphite (thick pieces-carbon 3' x 1-1/2' rock) + shavings + powder
-  Titanium - metal

- Sodium (burned or exploded)

-  "Baxtron: (tungsten carbide cobalt)

- "Tiper-sul" (potassium titanate (PKT)

-  "Fibex" (TiO9)

-  "“Erifon" \
-  Siliea

- Silicon

- Zireonium

- Columbium

- Titanium bisteric - synthetic oil - antifreeze
-  Tetra-isopropyltitanate

SOUTH DISPOSAL SITE

o) Lithopone Waste Slurry estimated 25,000 tons
zine and barium ore residues
including barium sulfide

AR303573
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" TABLE 3-2
PLANNED SAMPLING AND ANALYSIS EFFORT (PHASE I}
No. of No. of Matrix  Total(l) Test
Matrix Stations Freq. Samples Spike Samples Parameters
Groundwater 14 1 14 1 19 Field(2)
(res/prod wells) Total TCL(3)
River Water ] 1 6 1 9 Field(2)
(Christina River) ‘ Total TCL(3)
River Sediment 6 1 6 1 8 Total TCL(3)
{Christina River)
Surface Soil 4 1 4 1 6 Total TCL(3)
(background) except volatiles
Wetlands Biota 5 1 5 1 7 TCL Semz-
volatiles 3)
and metals
Subsurface Soil(5) 13 1 13 .- 13 Soil identification
(cover soils) geotechnical testing
Notes:
(1) A trip blank will be included in each shipment containing water samples for Volatile’

Organic Compound Analysis. Trip blanks are not included in the total number of

samples indicated.

(2) Field test for pH, Specific Conductivity and Temperature will be performed at the time

of sampling each monitor well, residential well and surface water.
(3) TCL parameters are shown in Table 3-3 of QAPP.
(4) Field duplicates will be based on 10 percent of all samples.

(5) Samples will be obtained with split-spoon samplers for soil identification purpose.

No chemical testing will be done.

AR30357k
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CAS # CAS #
Chloromethane 74-87-3 1,2-Dichloropropane 78-87-5
Bromoethane 74-83-9 trans-1,3-Dichloropropene 10061-02-6
Vinyl Chloride 75-01-4 Trichloroethene 79-01-6
Chloroethane 75-00-3 Diboromochloromethane 124-48-1
Methylene Chloride 75-09-2 1,1,2-Trichloroethane 79-00-5
Acetone 67-64-1 Benzene 71-43-2
Carbon Disulfide 75-15-0 cis-1,3-Dichloropropene 10061-01-5
1,1-Dichloroethene 75-35-4 2-Chloroethyl Vinyl Ether 110-75-8
1,1-Diehloroethane 75-35-3 Bromoform 75-25-2
trans-1,2-Dichloroethene 156-60-5 2-Hexanone 591-78-6
Chloroform 67-66-3 4-Methyl-2-pentanone 108-10-1 .
1,1-Dichloroethane 107-06-2 Tetrachloroethene 127-18-4
Carbon Tetrachloride 56-23-5 Toluene 108-88-3
Vinyl Acetate 108-05-4 Chlorobenzene 108-90-7
Bromodichloromethane 75-27-4 Ethyl Benzene 100-41-4
1,1,2,2-Tetrachloroethane 79-34-5 Styrene 100-42-5

Total Xylenes

Extractables Organic Compound Analysis (semi-volatiles)

CAS # CAS #
Phenol 108-95-2 Acenaphthene 83-23-9
bis(2-Chloroethyl)ether 111-44-4 2,4-Dinitrophenol 51-28-5
2-Chlorophenol 95-57-8 4-Nitrophenol 100-02-7
1,3-Dichlorobenzene 541-73-1 Dibenzofuran 132-64-9
1,4-Dichlorobenzene 106-46-7 2,4-Dinitrotoluene 121-14-2
Benzyl Aleohol 100-51-6 2,6-Dinitrotoluene 606-20-2
1,2-Dichlorobenzene 95-50-1 Diethylphthalate 84-66-2
2-Methylphenol 95-48-7 4-Chlorophenyl Phenyl ether 7005-72-3
bis(2-Chloroisopropyl)ether 39638-32-9 Fluorene 86-73-7
4-Methylphenol 106-44-5 4-Nitroaniline 100-01-6
N-Nitroso-Dipropylamine 621-64-7 4,6-Dinitro-2-methylphenol  534-52-1
Hexachloroethane 67-72-1 N-nitrosodiphenylamine 86-30-6
Nitrobenzene 98-95-3 4-Bromopheny! Phenyl ether

% @
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Isophorone
2-Nitrophenol
2,4-Dimethylphenol
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TABLE 3-3 (Continued)

78-59-1
88-75-5
105-67-9

Extractable Organic Compound Analysis (semi-volatiles)

Benzoic Acid
bis(2-Chlorethoxy)methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
(para-chloro-meta-cresol)
2-Methylnapthalene
Hexachloroeyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Triehlorophenol
2-Chloronapthalene
2-Nitroaniline

Dimethyl Phthalate
Acenaphthylene
3-Nitroaniline

Pesticide and PCB Analysis

alpha-BHC

beta~-BHC

delta-BHC
gamma-BHC (Lindane)
Heptachlor

Aldrin

Heptachlor Epoxide
Endosulfan 1

Dieldrin

CAS #

65-85-0
111-91-1
120-83-2
120-82-1
91-20-3
106-47-8
87-68-3

59-50-7
91-57-6
77-47-4
88-06-2
95-95-4
91-58-7
88-74-4
131-11-3
208-96-8
99-09-2

Cas #

319-84-6
319-85-7

319-86-8

58-89-9
76~-44-8
309-00-2
1024-57-3
959-98-8
60-57-1
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Hexachlorobenzene 118-74-1
Pentachlorophenol 87-86-5
Phenanthrene 85-01-8
CAS #
Anthracene 120-12-7
Di-n-butylphthalate 84-74-2
Fluoranthene 206-44-0
Pyrene ‘ 129-00-0
Butyl Benzyl Phthalate 85-68-17
3,3'-Dichlorobenzidine 91-94-1
Benzo(a)anthracene 56-55-3
bis(2-ethylhexyl)phthalate 117-81-7
Chrysene 218-01-9
Di-n-octyl Phthalate 117-84-0
Benzo(b)fluoranthene 205-99-2
Benzo(k)fluoranthene 207-08-9
Benzo(a)pyrene ‘ 50-32-8
Indeno(1,2,3-cd)pyrene 193-39-5
Dibenz(a,h)anthracene 53-70-3
Benzo(g,h,i)perylene 191-24-2
CAS #
Endosulfan Sulfate 1031-07-8
4,4'-DDT 50-29-3
Endrin Ketone 53494-70-5
Methoxyechlor 72-43-5
Chlordane 57-74-9
Toxaphene 8001-35-2
AROCLOR-1016 12674-11-2
AROCLOR-1221 11104-28-2
AROCLOR-1232 11141-16-5
AR303576
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TABLE 3-2 (Continued)

4,4'-DDE 72-55-9 AROCLOR-1242 53469-21-9
Endrin 72-20-8 AROCLOR-1248 12672-29-6
Endosulfan 11 33213-65-9 AROCLOR-1254 11097-69-1
: AROCLOR-1260 11096-82-5
Metals Analysis
CAS# CAS#
Aluminum 7429-90-5 Lead 7439-92-1
Antimony 7440-36-0 Magnesium 7439-95-4
Arsenie 7429-38-2 Manganese 7439-96-5
Barium 7440-39-3 Merecury 7-6
Beryllium 7440-41-7 Nickel 2-0
Cadmium 7440-43-9 Potassium 9-7
Caleium 7440-70-2 Selenium 9-2
Chromium 7440-47-3 Silver 2-4
Cobalt 7440-48-4 Sodium 3-5
Copper 7440-50-8 Thallium 8-0
Cyanide 74-90-8 Tin 1-5
Iron 7439-89-6 Vanadium 2-2
Zine 6-6
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4.0 PROJECT ORGANIZATION AND RESPONSIBILITIES

The Du Pont Newport Site RI/FS will be performed by Woodward-Clyde
Consultants (WCC), Plymouth Meeting, Pennsylvania. The project organizational strueture is
shown on Figure 4-1. The following are the definitions of responsibilities of the WCC positions
shown:

0 Project Manager (PM) - Alfred Hirsch, Ph.D. will be responéible for adherence

to project schedules; reviewing and assessing the adequacy of the performance
of technical staff assigned to the project, the drilling contractor and the
laboratory; maintaining full and orderly project docﬁmentation; interaction
with the Du Pont, USEPA Region III during the progress of the project; and
preparing monthly progress reports and the RI/FS techgical reports.

0 Field Manager (FM) - Mr. Roger Gresh will be responsible for coordinating the
activities of field personnel and those of the drilling contractor; adherence of
the field work to the project plans; and documentation of field work.

o} Sampling Team Leader (STL) - will be responsible for coordinating the
activities of the Sampling Team Members with respeet to installing and

calibrating the field instrumentation, conducting the sampling program,
assuring the availability and maintenance of all sampliﬁg equipment, materials
and decon, providing for shipping and packaging materials, and supervising the
accurate completion of all sampling paper work that ineludes but is not limited
to chain-of-custody records and field log books.

o Sampling Team Member (STM) - will be responsible for inspecting field
operations such as boring and well installation, performing geophysical survey,
and collecting appropriate environmental sam.ples from the various media

AR303580
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under study - all in accordance with the requirements and procedures
stipulated in the Health and Safety Plan and the Sampling and Analysis Plan.

o Field Record Custodian (FRC) - will be responsible for accurate completion of

pre-sampling and sampling records, chain-of-custody records, shipping and
handling of samples, and management of analytical records from field
activities.

0 Site Health and Safety Officer (SHSO) - will be responsible for implementing
the site-specific health and safety directives in the Health and Safety Plan.

o} Data Reviewer (DR) - will be responsible for review of field and laboratory

data for compliance with QA objectives (precision, accuracy, sensitivity and
completeness); and notification to the Project Manager of any
deficiencies.

o Internal Reviewer (IR) - will be independent of the project team and

responsible for providing review of project documents and reports with respect
to conformance to the scope of work and technical adequacy.

o Task Leader (TL) - will be responsible for coordinating technical activities of

an assigned task under the direction of the Project Manager.
Analytical testing of samples will be performed by ETC Corporation, Edison,
New Jersey. The funetional organization and responsibilities of ETC Corporation staff for this

project are summarized below:

ETC Program/Project Manager - (Marilyn C. Bracken, Ph.D.)

o} Provide liaison with client's program needs and laboratory staff.

AR303581 ‘
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o Assign duties of the laboratory staff and orientation of the staff to the QA

needs and requirements of the projeect.

o Ensure all appxioved laboratory-specific procedures and internally prepared
plans, and reports meet QA requirements.

o Serve as liaison (with QA official) between the Pi'oject Staff and other
internal/external organizations or organization sub-units.

o Ensure laboratory's performance meets the requirements of the contract.

ETC Projeet Services Coordinator (Diane Komar)

o Provide all field/laboratory coordination aectivities ineluding those of any
subcontraectors. ‘
o) Ensure proper labeling, handling, storage and shipping fequirements have been
met.
‘ o Ensure all appropriate chain—of—custody procedures have been followed.

Assist the QA Official in implementing any audits.
Provide coordination of any requests for information on sample status, invoice
questions or general project status.

o Serve as the "collection point" for Project Staff reporting of nonconformances
and changes in QA project documents and activities.

0 Keep Program Manager abreast of all laboratory performance problems,
quality action reports for changes in protocol added program.

ETC Laboraory Director (Kenneth G. Hebeo)

o Provide general supervision of laboratories.
Collaborate with Project Manager/Program Management office in establishing
‘ quality sampling and testing programs. '
o Schedule and execution of testing program. .
Serve as liaison between the laboratory staffs and other groﬁps.

. AR303582
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0 Serve as the ‘'ecollection point" for laboratory staff reporting of
nonconformances and changes in laboratory activities.
o Notify laboratory and quality control groups of specific laboratory
nonconformances and changes.
o] Release technical reports and data management reports.

ETC Laboratory Sample Custodian (William Deckelman)

© O o ©o

Receive and inspect samples and shipping containers.

Record the conditions of sample and shipping containers.

Sign appropriate documents shipped with the samples.

Verify and record correctness of sample documentation (i.e., sample tags,
chain-of-custody records, billirigs, ete).

Initiate transfer of samples to appropriate lab seections with propegm
documentation (i.e., lab notebollk, assignment sheets, inventory sheets, lab D
number, ete.). |

Place samples, sample/extracts, and spent samples into appropriate storage
and secure areas.

Control and monitor access an dstorage of samples/extracts.

ETC QA Director (Karen Kotz)

Serve as the official organizational contact for all QA matters for the project.
For example, QA project plan implementation, sampling and analytical
methodologies, Data Quality Objectives (DQO's), field and laboratory audits,
management and data quality audits, PE and QC studies, ete.

Identify and response to QA needs, resolve problems, and answer requests for
guidance or assistance. For example, field sampling problems (limited supplies

of sample containers), transportation problems (holding time conflicts), ete.
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o Review, evaluate and approve QA projecet plans prior to EPA review,

evaluations and approval/nonapproval.

o Provide guidance in the development of QA project plans to each respective
organization's program offices, management offices and program/program
‘managers or officers.

(o] Ensure that management, data quality, field and laboratory audits are
performed on QA Project Plans.

o Track the progress of all QA tasks in Project Plans (from preplanning to data
assessments) and eonsult periodically with program/projeect managers.
o Prepare and submit all internal QA reports (with recommendations and
‘ comments) to the appropriate line managers in their organization and to EPA

officials when properly coordinated with program/project management.

o) Assure that appropriate corrective actions are taken on all QA tasks when,
where and however needed.

o Ensure that data of known quality and integrity are available for each planning
(DQO's) and report phase (valid data).

4.1 LABORATORY TESTING ASSIGNMENTS

Various types of samples from different matrices will be sent to different
laboratories as described below:

o) ETC Corporation will provide the analytical services for the RI/FS. ETC
Corporation will analyze the samples in their Edison, New Jersey facility for

all of the required parameters. ﬁ R 38 3 5 8 £§
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Teledyne Isotopes, Inc., Westwood, New Jersey will conduct analyses of alpha,
beta and gamma radioactivity on soil and rock and analysis of radon gas

concentrations from soil gas samples.

Earth Technology Corporation, geotechnical laboratory, will conduect
classification and testing of contaminated soils and subsurface soil samples.

Testing of uncontaminated soils will be conducted by WCC.

The drilling services for the RI/FS will be provided by a qualified local driller.

LABORATORY QA/QC RESPONSIBILITIES
4.2.1 ETC CORPORATION

Internal QC to be provided by comm‘ercial analytical laboratory.
QA overview of data by WCC QA Officer.

4.2.2 TELEDYNE ISOTOPES, INC.

Internal QC to be provided by H.W. Jeter.
QA overview of data by H.G. King, Quality Assurance Manager.

4.2.3 EARTH TECHNOLOGY CORPORATION

Internal QC provided by Thierry R. Sanglierat, the geotechnical laboratory.
QA overview of data by WCC QA Officer.

AR303585




| Woodward-Clyde Consultants

Du Pont Newport QAPP ' . Section 4

88C2076-1 AL Revision 1

(Red) 7 April 1988

) : Page 7 of 8

4.3 PERFORMANCE AND SYSTEM AUDITS

The performance of various elements and systems participating in these

studies may be audited by the indicated audit agency.

Field Operations - Du Pont QA Officer.

ETC Corporation - ETC QA Officer or USEPA Region III QA Officer.
Evidence Audit - USEPA Region IlI QA Office or USEPA NEIC.
Earth Technology Corporation - USEPA Region IIIl QA Office.

© O O o
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5.0 QA OBJECTIVES FOR MEASUREMENT DATA

The overall QA objective is to develop and implement procedures for sampling,
laboratory analyses, field measurements and reporting that will provide data to a degree of
quality consistent with its intended use. This section defines the goals for levels of QC effort;
and the accuracy, precision, sensitivity, completeness, representativeness and comparability of
laboratory analyses.

5.1 LEVEL OF QC EFFORT

Field duplicates and field blanks will be taken and submitted to the analytical
laboratory to provide means to assess the quality of the data resulting from the field sampling
program. Field duplicate samples will be énalyzed to check for sampling and analytical
reproducibility. Field blank samples will be analyzed to check for procedural contamination of
samples. The general level of this QC effort will be one field duplicate and one field blank for
every 10 investigative liquid samples. One field duplicate sample of soil and sediment will be
collected for every 10 investigative samples, but field blanks of soil and sediment are not
required. Duplicate and blank samples will also be collected for air samples at the rate of one
for each 10 investigative samples per media/analysis. The specific level of field QC effort for
the Du Pont Landfill RI/FS is summarized by sample matrix in Table 3-2.

ETC Corporation is a participant in the USEPA Contract Laboratory Program
(CLP) for organics and inorganics testing and has been routinely audited and approved by the
USEPA. The level of QC effort provided by ETC Corporation will be equivalent to the level of
QC effort specified under the CLP program for the Routine Analytical Services (RAS)
parameters to be tested. The level of QC effort for testing of inorganies (Metals and Cyanide)
will conform to the protocols in SOW-785 (Ref. 5) or SOW-787, if applicable. The level of QC
effort for testing of Target Compound List (TCL) organies (Volatiles, Semi-volatiles and
Pesticides/PCB's) will conform to the protocols in SOW-785. The level of QC effort for
testing of TCL organies (Volatiles Semi-volatiles and Pesticides/PCB's) for drinking water

AR303588
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criteria will conform to protocols in 40 CFR Part 136, October 26, 1984, entitled "Guidelines
Establishing Test Procedures for the Analysis of Pollutants Under the Clean Water Act; Final
Rule and Interim Final Rule and Proposed Rule" (Ref. 6). The level of QC effort for the
specific parameters to be tested under the Du Pont Newport Site RI/FS is summarized on
Table 5-1.

The QC level of effort for the field measurement of pH consists of pre-
measurement calibration and a post-measurement verification using two standard reference
solutions each time as appropriate to the sample pH. This procedure will be performed for
each sample tested. The QC effort for field conductivity measurements will include daily
calibration of the instrument using standard solutions of known conductivity.

5.2 ACCURACY, PRECISION AND SENSITIVITY OF ANALYSIS

The QA objective with respect to accuracy, precision, and sensitivity .
laboratory analytical data is to achieve the QC acceptance criteria of the analytical protocols.
In"general, the accuracy, precision and sensitivity eriteria and methods are those stipulated by
the SOW-785 and the CRL SOP for organic and inorganie analyses (Refs. 5 and 6).

The accuracy and precision of laboratory analyses will be determined by
testing of laboratory blanks, duplicates and spiked samples in accordance with the frequencies
shown in Table 5-1. Accuracy and preecision criteria for the parameters to be tested are shown
in Table 5-2 5-7, 5-8 and 5-9. Compounds that will be used as matrix and surrogate spikes for
organic analyses, and their control limits, are shown in Table 5-3. Chemicals that will be used
as spikes for inorganic analyses are shown in Table 5-4; inorganic spike recovery control limits
are 75-125%.

The sensitivities for the analytical testing are the detection limits shown in
Tables 5-5, 5-6, 5-10, and 5-11. It is anticipated that these detection limits will be achieved
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for the majority of samples. Higher detection limits may be obtained in oily samples and

samples containing high concentrations of contaminants.

The accuracy of field measurements of pH will be assessed through pre-
measurement calibrations and post-measurements verifications using at least two standard
buffer solutions. The two measurements must each be within + 0.05 standard unit of buffer
solution values. Precision will be assessed through replicate measurements. (The eleetrode
will be withdrawn, rinsed with deionized water, and re-immersed between each replicate). The

instrument used will be capable of providing measurements to 0.1 standard unit.
5.3 COMPLETENESS, REPRESENTATIVENESS AND COMPARABILITY

It is expected that ETC Corporation will provide data meeting QC accept-ance
criteria for 95 percent or more of all samples tested. Completely valid data (ie, all QC
parameters within control limits) are required for samples designated as "background” samples.

The sampling program was established to provide data representative of site
conditions. During development of this network, consideration was given to past site
operations and practices, existing analytical data, physical setting and processes. The extent
to which existing and planned analytical data will be comparable depends on the similarity of '
sampling and analytical methods. The procedures used to obtain the planned analytical data,
as documented in this QAPP, are expected to provide comparable data. These new analytical
data, however, may not be direectly comparable to existing data because of differences in

procedures.
5.4 FIELD MEASUREMENTS

Measurement data will be generated in many field activities that are
incidental to collecting samples for analytical testing or unrelated to sampling. These
activities include, but are not limited to, the following:
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Documenting time and weather conditions,

Locating and determining the elevation of sampling stations,
Determining depths in a borehole or well and static water levels,
Standard penetration testing,

Slug testing and grain size analysis,

Calculating pumping rates, and

© OO 0 0 0o o o

Verifying well development and pre-sampling purge volumes.

The general QA objective for such measurement data is to obtain reproducible
and comparable measurements to a degree of accuracy consistent with the intended use of
such data through the documented use of standardhprocedures.

AR303591 ‘
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TABLE 5-1

QC LEVEL OF EFFORT FOR ANALYTICAL TESTING

Parameters Audit
Calibration Blank (ICP and AA)

Initial Calibration Verification (ICP and AA)

Continuing Calibration Verification (ICP and AA)

Preparation Blank (ICP and AA)

Matrix Spike Analysis {ICP and AA)
Duplicate Sample Analysis (ICP and AA)
Laboratory QC Sample Analysis (ICP and AA)

Duplicate Injections (AA-Furnace)

Interference Check Sample (ICP)
Serial Dilution Analysis (ICP)

Calibration Blank
Matrix Spike Analysis
i Duplicate Sample Ahalysis

Laboratory QC Sample Analysis

Laboratory Blank
Matrix Spike Analysis
Matrix Spike Duplicate Analysis

Surrogate Spike

(n QC audits are to be performed at most frequent interval specified.

Fregy_encz(_)l

Each calibration, beginning and end of each run, 10%
frequency

Daily and each instrument setup

Beginning and end of each run; 10% frequency or every
2 hrs

One per batch or one per 20 samples received

One per case or one per 20 samples received

One per case or one per 20 samples received

One per batch or one per 20 samples received

Each sample (at jeast a single analytica! spike will we
be performed to determine if the method of standard
addition is required for quantitation)

Beginning and end of each run or one per 4-hr shift

One per case or one per 20 samples received

One per analytical' run or at jeast one per set-up
One per analytical run or at east one per set-up
One per analytical run or at least one per set-up

One per analytical run or at least one per set-up

One per case or one per 20 samples received
One per case or one per 20 samples received
One per case or one per 20 samples received

Each sampie

AR303592



Du Pont Newport QAPP

88C2076-1

Parameters
Metals

AA-Furnace

ICP

Mercury

Cyanide

Yolatile and
Extractable
Organic

Compounds

Notes:

(1 Matrix and Surrogate Spike recovery limits are shown in Table 5-3,

AA
D.L.
ICP
LTE
RPD

U u

TABLE 5-2

ACCURACY AND PRECISION CRITERIA FOR

ANALYTICAL TESTING

Audit

Calibration Blank

Initial Calibration Verification
Continuing Calibration Verification
Preparation Blank

Matrix Spike Analysis

Duplicate Sample Analysis
Laboratory QC Sample Analysis
Duplicate Injections

Calibration Blank

Initial Calibration Verification
Continuing Calibration Verification
Preparation Blank

Interference Check Sample

Serial Dilution Analysis

Matrix Spike Analysis

Duplicate Sample Analysis
Laboratory QC Sample Analysis

Calibration Blank

Initial Calibration Verification
Continuing Calibration Verification
Preparation Blank

Matrix Spike Analysis

Duplicate Sample Analysis
Laboratory QC Sample Analysis

Calibration Blank

Initial Calibration Verification
Continuing Calibration Verification
Preparation Blank

Matrix Spike Analysis

Matrix Duplicate Analysis
Laboratory QC Sample Analysis

Laboratory Blank
Laboratory Duplicate
Matrix Spike Analysis
Surrogate Spike

Atomic Absorption
Detection Limit

Inductively Coupled Plasma
Less than or equal to
Relative Percent Difference

Control Limits

+DL.

90-110%

90-110%

+DL.

75-125%

2 DL.or 20% RPD
85-115%

220% RPD

+ DL,

90-110%

90-110%

+ DL,

< 20%

+ 10%

Ts5-125%

+ DL, or 20% RPD
35-115%

+ DL,

30-120%

30-120%

hy D.L'

75-125%

2D.L.or 20% RPD
30-120%

+ DL,

35-115%

85-115%

DL,

75-125%

+DL.or 20% RPD
80-120%

+ DL,

+ 35% RPD
1)

(1)
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Fraction

VOA
VOA
YOA
VOA
YOA

BN
BN
BN
BN
BN
BN
Acid
Acid
Acid
Acid
Acid
Pest.
Pest.
Pest.
Pest,
Pest.
Pest.

PNA's)
PNA's
PNA's(3)

Fraction

VOA
VOA
VOA

BN
BN
BN
Acid
Acid
Acid
Pest.

NOTES:

TABLE §-3
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MATRIX AND SURROGATE SPIKE(1)
CONTROL LIMITS FOR ORGANICS ANALYSIS

MATRIX SPIKE/MATRIX SPIKE DUPLICATE

Vater m‘z’ iﬁl&mt m"’
ecovery ecovery

14
14
13
13
it

23
3
&
3!
5
28

30
2
40
42
50

15
20
22
18
2]
27

40
30
80
30

RPD Limits RPD

59-172 22
62-137 24
60-133 21
39-139 21
66-142 21
38-107 23
31-13%7 19

23-89 47
35-142 3%
41-126 33
28-104 27
17-109 47

26-90 3
25-102 50
26-103 3
ll-11% 30
46-127 30
35-130 i
3-132 43
31-134 5 |
42-139 L}
23-134 50

Reco Limits(%
Vater Soil/Sediment

Compound

Limits
1,1-Dichloroethane 61-183
Trichlorethane 71-120
Chlorobenzene 75-130
Toluene 76-125
Benzene 76-127
1,2,8-Trichlorobenzene 39-98
Acenaphthane 46118
2,4-Dinitrotoluene 28-96
Pyrene 26-127
N-Nitroso-di-n-propylamine 41-116
1,6-Dichlorobenzene 36-97
Pentachlorophenol 9-103
Phenol 1239
2-Chiorophenol 27-123
4-Chloro-3-methylphenol 23-97
s-Nitrophenol 10-30
Lindane 56-123
Heptachlor 80-131
Aldrin 80-120
Dieldrin 52-126
Endrin 56-121
4,4'-DDT 33-127
Napthaiene 29-122
Fluocanthene 46-123
Benzo(a)anthracene 26-135
Indeno(1,2,3-cdipyrene 39-116

SURROGATE SPIKE

Compound
Toluene-ds 33-110
$-Brom{lucrobenzene 86-115
1,2-Dichloroethane-d, 76-114
Nitrobenzene-d 35-114
2-Flyorobiphenyl 43116
p-Terphenyl-d;, 33-14}
Phenol-d 10-9%
2-Fluoropheno! 21-100
2,4,6-Tribromophenol 10-123
Dibutyichlorendate 2#-150(2)

() Spike levels will be in accordance with SOW-787
@ These limits for matrix spike and pesticide surrogate spike analyses are for
advisory purposes only and will not be used to determine if 3 sample shouid be
reanalyzed.
() These limits are also applicable to laboratory control spikes for PNA's,

s$i-117
74-121
70-121

23-120
30-115
18-137

28-113
25-121
19-122

20-150(2)

AR30359L
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TABLE 54

MATRIX SPIKE CHEMICALS(1) AND
CONTROL LIMITS (2) FOR INORGANIC ANALYSIS

ICP/AA Furnace AA
Soil/ Soil/
Chemiecal Water Sediment Water Sediment Qther

Aluminum x(3) *
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zine
Cyanide . ' X

LR e R I R i
Mo MK
P oM M

PADIDG ®DA D4 b4 D4 D4 RO # MNP
~ >4
» b

D D w4 *

(1) Matrix spike levels will be in accordance with SOW-785 or SOW-7817, if applicable.
(2) Control limits for spike recovery shall be 75-125% for all chemicals.

(3) X = spike required

(4) * = spike not required

AR303595 ‘




Woodward-Clyde Consultants

Du Pont Newport QAPP Section 5
’ 88C2076-1 AL Revision 1
OF.-.53% 7 April 1988

(Red) page 9 of 24

TABLE 5-5

METHOD DETECTION LIMITS FOR ORGANIC ANALYSIS

Detection Limits(1)

Low Low Soilld)
CAS Water(2) Sediment
Volatiles Number ug/} ug/kg
Chloromethane 74-87-3 10 10
Bromomethane 74-83-9 10 10
Vinyl Chloride 75-01-4 10 10
Chloroethane 75-00-3 10 10
Methylene Chloride 75-09-2 5 5
Acetone 67-64-1 10 10
Carbon Disulfide 75-15-0 5 5
1,1-Dichloroethane 75-35-4 "5 5
1,1-Dichloroethane 75-35-3 5 5
trans-1,2-Dlchloroethane 156~-60-5 5 5
Chloroform 67-66-3 5 5
2-Butanone 78-93-3 10 10
1,1,1-Trichloroethane 71-55-6 5 5
Carbon Tetrachloride 56-23-5 5 5
Vinyl Acetate 108-05-4 10 10
Bromodichloromethane 75-27-4 5 5
1,1,2,2-Tetrachloroethane 79-34-5 5 5
1,2-Dichloropropane 78-87-5 5 5
trans-1,3-Dichloropropene 10061-02-6 5 5
Trichloroethane 79-01-6 5 5
Dibromocloromethane 124-48-1 5 5
Benzene 71-43-2 5 5
cis-1,3-Dlchloropropene 10061-01-5 5 5
2-Chloroethyl Vinyl Ether 110-75-8 10 10
Bromoform 75-25-2 5 : 5
2-Hexanone 591-78-6 10 10
4-Methyl-2-Pentanone 108-10~1 10 .. 10
Tetrachloroethane 127-18-4 5 5
108-88-3 5 5R3835§6
5

Toluene
’ Cholorobenzene 108-90-7 5
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U Revision

. Semi-Volatiles

Ethyl Benzene

Styrene

Total Xylenes
N-nitrosodimethylamine
Phenol

Aniline .
bis(2-Chloroethyl)ether
2-Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene

Benzyl Alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis(2~Chloroisopropyl)ether
4-Methylphenol

N-Nitroso-Dipropylamine
Hexachloroethane
Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol
Benzoic Acid
bis(2-Chloroethosy)methane
2,4-Dichlorophenol
1,2,4-Trichlorobenzene

Naphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
(para-chloro-meta-cresol)
2~Methylnaphthalene

TABLE 5-5 (Continued)

CAS

Number

100-41-4
100-42-5

62-75-9
108-95-2

62-53-3
©111-44-4
95-57-8
541-73-1
106-46-7

100-51-6
95-50-1
95-48-7

39638-32-9

106-44-5

621-64-7
67-72-1
98-95-3
78-59-1
88-75-5

105-67-9
65-85-0
111-91-1
120-83-2
120-82-1

91-20-3
106-47-8
87-68-3

59-50-7
91-57-6

o8l g April 1988
Page 10 of 24

Detection Limits(l)

Low Low Soillo)
water(2) Sediment

ug/l ug/kg
5 5
5 5
5 5
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10 330
50 1600
10 330
10 330
10 330
10 330
10 330
10 330
10 330
10

330
AR303597 ‘
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Semi-Volatiles

Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline

Dimethyl Phthalate
Acenaphthylene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol

4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
2,6~Dinitrotoluene
Diethylphthalate

4-Chlorophenyl Phenyl ether
Fluorene

4-Nitroaniline
4,6-Dinitro-2-methylphenol
N-nitrosodiphenylamine

4-Bromophenyl Phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene

Di-n-butylphthalate
Fluoranthene
Benzidine

Pyrene

Butyl Benzyl Phthalate

Woodward-Clyde Consultants

TABLE 5-5 (Continued)

AL Seetion 5

Revision 1
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Detection Limits(1)

Low
CAS water(2)

Number ug/1
77-47-4 10
88-06-2 10
95-95-2 50
91-58-7 10
88-74-4 50
131-11-3 10
208-96-8 10
99-09-2 50
83-32-9 10
51-28-5 50
100-02-7 50
132-64-9 10
121-14-2 10
606-20-2 10
84-66-2 10
7005-72-3 - 10
86-73-7 10
100-01-6 50
534-52-1 50
86-30-6 10
101-55-3 10
118-74-1 10
87-86-5 50
85-01-8 10
120-12-7 10
84-74-2 10
206-44-0 10
92-87-5 100
129-00-0 10
85-68-7 10

Low Soillo)
Sediment
ug/kg

330
330
1600
330
1600

330
330
1600
330
1600

1600
330
330
330
330

330
330
1600
1600
330

330
330
1600
330
330

330
330
1600
330
330

AR303598
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TABLE 5-5 (Continued)

Detection Limits(1)

Low Low Soill%)
CAS water(2) Sediment
Semi-Volatiles Number ug/1 ug/kg
3,3'-Dichlorobenzidine 91-94-1 20 660
Benzo(a)anthracene 56-55-3 10 330
bis(2-ethylhexyl)phthalate 17-81-7 10 330
Chrysene 218-01-9 10 330
Di-n-octyl Phthalate 17-84-0 10 330
Benzo(b)Fluoranthene 205-99-2 10 330
Benzo(k)fluoranthene 207-08-9 10 330
Benzo(a)pyrene 50-32-8 10 330
Ident(1,2,3-cd)prene 193-39-5 10 330
Dibenz(a,h)anthracene 53-70-3 10 330
Benzo(g,h,i)perylene 191-24-2 10 330 ‘
CAS
Pesticides(6) Number ug/1 ug/kg

alpha-BHC 319-84-6 0.05 2.0
beta-BHC 319-85-7 0.65 2.0
delta-BHC 319-86-8 0.05 2.0
gamma-BHC (Lindane) 58-89-9 0.05 2.0
Heptachior 76-44-8 0.05 2.0
Aldrin 309-00-2 0.05 2.0
Heptachlor Epoxide 1024-57-3 0.05 2.0
Endosulfan 1 959-98-8 0.05 2.0
Dieldrin 60-57~1 0.10 4.0
4,4'-DDE 72-55~-9 0.10 4,0
Endrin 72-20-8 0.10 4.0
Endosuifan 11 33213-65-9 0.10 4.0
4,4'-DDD 72-54-8 0.10 4.0
Endrin Aldehyde 7421-93-4 0.10 . 4.0
Endosulfan Sulfate 1-07-8 0.10 ) 4.0
4,4'-DDT 50-29-3 000 AR303588
Endrin Ketone 53494-70-5 0.10 4.0
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TABLE 5-5 (Continued)

CAS

Pesticides(6) Number ug/1 ug/keg
Methoxychior 72-43-5 0.5 20.0
Chlordane 57-74-9 0.5 20.0
Toxaphene 8001-35-2 1.0 40.0
AROCLOR-1018 12674-11-2 0.5 20.0
AROCLOR-1221 11104-28-2 0.5 20.0
AROCLOR-1232 11141-16-5 0.5 20.0
AROCLOR-1242 53469-21-9 0.5 20.0
AROCLOR-1248 12672-29-6 0.5 20.0
AROCLOR-1254 11097-69-1 1.0 40.0
AROCLOR~1260 11096-82-5 1.0 40.0
NOTES:
(1) Detection limits listed for soil/sediment are based on wet weight. The detection

(2)

(3)
4)
(5)

(6)

)

(8)

limits calculated by the laboratory for soil/sediment, calculated on dry weight
basis, as required by the contract, will be higher.

Medium Water Contract Required Detection Limits (CRDL) for Volatile
Hazardous Substances List (HSL) Compounds are 100 times the individual Low
Water CRDL.

Medium Soil/Sediment CRDL for Volatile HSL Compounds are 100 times the
individual Low Soil/Sediment CRDL.

Medium Water CRDL for Semi-Volatile HSL Compounds are 100 times the
individual Low Water CRDL.

Medium Soil/Sediment CRDL for Semi-Volatile HSL. Compounds are 60 times the
individual Low Soil/Sediment CRDL.

Specific detection limits for pesticides are highly matrix dependent. The
detection limits listed herein are provided for guidance and may not always be
achievable.

Medium Water CRDL for Pesticide HSL Compoundé are 100 times the individual
Low Water CRDL.

Medium Soil/Sediment CRDL for Pesticide HSL Componng 60 ~fimes the
individual Low Soil/Sediment CRDL. ogrﬁsaﬁesg gtﬂl
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TABLE 5-6
METHOD DETECTION LIMITS FOR INORGANICS ANALYSIS

Contract Required
Detection Level (1) (2)

Element (ug/1)
Aluminum 200
Antimony 60
Arsenic 10
Barium 200
Beryllium 5
Cadmium 5
Caleium 5000
Chromium 10
Cobalt 50
Copper 25
Iron 100
Lead 5
Magnesium 5000
Manganese 15
Mercury 0.2
Nickel 40
Potassium 5000
Selenium 5
Silver 10
Sodium 5000
Thallium 10
Tin . 40
Vanadium 50
Zine 20
Cyanide _ ‘ 10
NOTES

(1) Any analytical method specified in SOW-785 may be utilized as long as the
documented instrument or method detection limits meet the CRDL requirements.
Higher detection levels may only be used in the following circumstance:

If the samplé concentration exceeds two times the detection limit of the
instrument or method in use, the value may be reported even though the
instrument or method detection limit may not equal the CRDL.

(2) These CRDLs are the instrument detection limits obtained in pure water thatmust
be met using the procedure in SOW-785. The detection iimits for sgn"ay b
considerably higher depending on the sample matrix. ﬂg ﬁ 35'%16 ‘
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Parameter

VOLATILES

ACID/BASE/
NEUTRAL
COMPOUNDS
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TABLE 5-7

ACCURACY AND PRECISION CRITERIA FOR ORGANICS

FOR DRINKING WATER PROTOCOL

All units are Micrograms/Liter

Audit

Compounds

Lab Blank

Matrix Spike Duplicate
Precision

Surrogate Spike
Recovery

Control Standard
Spiked with a
Rotating Mixture of
10 to 12 Standards

Method Blank

Matrix Spike
Duplicate Precision

Surrogate Spike
Recovery

- 1,2-Dichloroethane-D4

Benzene~D6
Toluene~D8

See Method Detection
Limit Table for Volatile
Compounds

2-Fluorcphenol
Phenol-Dg
Nitrobenzene-Dg
2-Fluorobiphenyl
2,4,6-Tribromophenol
p-Terphenyl-Dq4

Section 5

Revision 1
7 April 1988
" Page 15 of 24

Spike
Level
(ug/1)

- -

10
10

Limit

100
100
100
100
100
100

AR3083602

Control Limits®

&£ Detection Limit
except for:

L.

Methylene Chloride

Toluene
Acetone
5 x D.L.

<22 percent
8-12 (ug/)
8-12 (ug/N)
8-12 (ug/D)

Will vary for each
set of samples

<€ 2 times Detection

<38 Percent RPD

43 - 166 percent
10 - 94 percent

35 - 114 percent
43 - 116 percent
10 - 123 percent
33 - 141 percent

—
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TABLE 5-7 (Continued) .
Spike
Level
Parameter Audit Compounds (ug/M) SP Control Limits*
ACID/BASE/ Matrix Spike Recovery Phenol 100 10 - 100 percent
NEUTRAL . 2-Chlorophenol 100 FOR
COMPOUNDS » 1,3-Dichlorobenzene 100 ALL
1,4-Dichlorobenzene 100 COMPOUNDS
Benzyl Alcohol 100
n-Nitrosodipropylamine 100
1,2,4-Trichlorobenzene 100
4-Chloroaniline 100
4-Chloro~3-ethylphenol 100
2,6-Dinitrotoluene 100
Acenaphthene 100
Dibenzofuran 100
2,4-Dinitrotoluene 100
4-Nitrophenol 100
Pentachlorophenol 100
Di-n-Butyl-phthalate 100
Pyrene 100
PCBs-Pesticides Lab Blank -- -- £ Detection Limit
Lab Duplicate -- -- £ 35 percent RPD.
Surrogate Spike Recovery Dibutyl Chlorendate 0.7 75 - 125 percent
Matrix Spike Recovery Aldrin 5 3-6 (ug/1)
Lindane 2 1-4 (ugN)
4,4'-DDT 15 10-18 (ug/l)
Dieldrin 5 3-6 (ug/l)
Endosulfan I 6 4-7 (ug/)
Endrin 10 6-12 (ug/1)
Heptachlor 2 1-4 {ug/N)
4,4'-Methoxychlor 20 15-28 (ug/l)
Archlor 1242 2 2-6 (ug/M

* In Reagent water
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TABLE 5-8

ACCURACY AND PRECISION CRITERIA FOR ICP METALS
FOR DRINKING WATER PROTOCOL

An yndigested control standerd vill be snglyzed st the deginning and end of esch run to
evaiuste [nstrument perforsance. A digested acidified resgent vater laboratory blenk wiil pe
analyzed with eesh run to check the system for contaminants and interferences. The control
timits for these sugits for each persmeter are presented delow:

Confrél Lisits for Contro! Standerd Control Standards for
Parsmete~ Contro! Standards Concentret ion Laboratory Blank
Aluninum 3 400 vg/! of true 4,000 og/1 0+ 80 up/l

X 800 vg/! ditference

Berlum £ 20 ug/t of trve 200 wg/! 0.+ S v/
£ 40 ug/!1 difference

‘ Serylllum 2 20 vg/1 of trve 200 vy/1 021 ug/t
X 40 wy/! ditference

Cacalun 220 ug/! of trve 200 /1 0+ 2up/t
X 40 wy/| difference

Calctlum 2 10,000 ug/! of true 100 wg/! 0 2 %00 ug/t
X 20,000 ug/l difference

Chronmlum 2 0 wg/t of trve 700 wp/1 0+ 8 v/l
£ 140 wg/i ¢ifterence

Cobsit 2 20 wg/) of true 200 wg/} 022 ug/!
£ 40 «g/1 ditterence

Copper 2 70 v/l of true 700 ug/t 026 up/l
X 140 vp/1 gltference

tron 21,400 ug/1 of true 14,000 ug/1 0 s 80 g/l
X 2,800 vg/1 ditference

AR30360L
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TABLE 5-8 (Continued)

Control Limits for Control Standerd Contrel Stenderds for
Porsmeter Contro! Standerds Concentration Lazorstory Blenk
Magnes fum 2 500 ug/! of true $,000 vg/i 0+ 100 up/t
X 1,000 vg/l gitterence
Mangenese 2 35 up/l of true 3%0 wp/t 0495 up/t
X 70 up/1 ditterence
Nicke! 2120 ug/l of true 1,200 vg/! 0+ 1% wp/i
£ 240 vg/ diftecence
fotassium 22,000 vg/1 of true 10,000 ug/1 0+ 2,000 up/t
X 4,000 ug/! difference
Sliver 210 wg/1 of trve 100 wp/! 023w/l
X 20 vg/] ¢itference .
Sodivm 2 2,000 ug/l of true 20,000 vp/1 04 1,000 ug/t
X 4,000 wp/t @ifference
Tin 3 20 vp/1 of trwe 200 up/! 0 4 40 wp/!
& 40 wp/t difterence
Vanadium 2 B ug/l of true 250 ug/! 0+ 5 ug/!
X 50 ug/l difference
Zine ug/l of truve 3,000 vp/1 0+ 40 vp/l

2 300
X 600 up/1 gitference

AR303605
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TABLE 5-9
ACCURACY AND PRECISION CRITERIA FOR FURNACE METALS
INORGANICS FOR DRINKING WATER PROTOCOL
Control $tendery
Parsngter Aug 14 Freovency Control Limits Eoncentrasion
Hercury My-curic Chiorlde
Control Stancarg (1) Once per run ¢+ +2 ug/l of true valve 1.3 ug/!
Methyl Mercury
Control Standerd (2) Seginning sad & 2 g/t of true value 1.3 up/t
end of run < 3 ug/l ¢ifference
Laverstory Blank Once por rwn 0.0 & 0.1 /!
Cyanide Undistilied Standerd Segianing and ¢ 13 ug/! of true 100 ug/!
end of run < 30 ug/l ¢itference
Distilied Standerd  Beginning and & 15 ug/l of trve 100 ug/1
Q0 vg/| ¢itference
Distilied Slenk Onco por run 0 ¢ 8 v/l
Ant Imony, Contro! Stenderd Seginning end = 1 wg/l of true 10 vg/1
. Selenium, and Undigested ong of run € 2 upy/l ¢iffersnce
Thell lum
Ladoratory Blank Once per rwn 022w/l
Und!gested
Ladorstory Blank Once Por ren 022/l
Digesteg®
Lesd end contrel Standerd . Beginning and < 2 ug/! of true 20 wg/!
Arsenie Undigested end of run < 4 ug/l difference
Latorstory Biank Once per run 0 ¢ 2 v/t
Undigested
Ladorstary Blank Once per run 02 2uy/i

AR303606
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TABLE 5-10

METHOD DETECTION LIMITS FOR ORGANICS
FOR DRINKING WATER PROTOCOL

VOLATILE COMPOUNDS

METHOD®
DETECTION SPIKE LEVEL IN  CONTROL®
LIMIT REAGENT WATER  LIMITS
PARAMETER CAS ¢ (ug/1) (ug/1) (ug/l)
BENZENE 71-43-2 1.5 10 8-12
BROMOD I CHLOROME THANE 75-27-4 1.% 10 8-12
BROMOFORM 75+25-2 1.5 10 8-12
BROMOME THANE 74-83-9 10.0 10 1-20
CARBON TETRACHLORIDE §6-23-5 1.5 10 8-12
CHLOROBENZENE 108-90-7 1.5 10 8-12
CHLOROETHANE 75-00-3 1.5 10 8-12
2-CHLOROETHYL VINYL ETHER 110-75-8 1.8 10 8-12
CHLOROFORM 67-66-3 1.8 10 8-12
CHLOROMETHANE 74-87-3 10.0 10 1-20
D IBROMOCHLOROME THANE 124-48-1 1.5 10 8-12 ‘
1,1-01CHLOROETHANE 75-34-3 1.5 10 8-12
1,2-DICHLOROETHANE 107-06-2 1.8 10 8-12
1,1-DICHLOROETHENE 75-34-4 1.5 10 8-12
trans-1,2-DICHLOROETHENE 156-60-5 1.8 10 8-12
1,2-DICHLOROPROPANE 78-87-5 1.8 10 8-12
ci3-1,3-DICHLOPROPROPENE  10061-01-5 2.0 10 8-12
trans-l,3-DICHLOROPROPENE  10061-02-6 1.0 10 8-12
ETHYL BENZENE 100-41-4 1.8 10 8-12-
METHYLENE CHLORIDE (1) 75-09-2 1.0 10 8-12
1,1,2,2-TETRACHLOROETHANE 79-34-5 1.8 10 8-12
TETRACHLOROETHENE 127-18-4 1.5 10 8-12
TOLUENE (1) 108-88-3 1.% 10 8-12
1,1,1=TRICKLOROE THANE 71-88-6 1.5 10 8-12
1,1,2-TRICHLOROETHANE 79-00-5 1.5 10 8-12
TRICHLOROETHENE 79-01-6 1.8 10 8-12
VINYL CKLORIDE 75014 10.0 10 1-20
ACROLEIN 107-02-8 100.0 300 200-400
ACETONE (1) 67-64-1 75.0 300 225-375
ACRYLONITRILE 107-13-1 50.0 300 250-350
CARBON DISULFIDE 75-15-0 3.0 10 7-13
2-BUTANONE 78-93-3 (50) 100 50-150
VINYL ACETATE 108-05-4 15.0 15 1-30
4-METHYL-2-PENTANONE 108-10-1 (3) 20 16-24
§;HEXANONE iég-zg-g (Sg)o 150 1ooézog
YRENE b T 44 . 0 pd

meXYLENE 108-38-3 2.0 &R 3036 037%2
0-XYLENE (2) 95.47-6
p-XYLENE (2) 106-42-3 2.8 20 7-13

* IN RZAGENT WATER

(1) COMMON LABORATORY SOLVENT = BLANK LIMIT IS Sx METHOO DETECTION LI
(2) THE 0-XYLENE AND p-XYLENE ARE REPORTED AS A TOTAL OF THE WD




Du Pont Newport QAPP
88C2076-1 =

BASE/NEUTRAL AND ACID EXTRACTABLE COMPOUNDS

Woodward-Clyde Consuitants

Section 5
Revision 1

7 April 1988
Page 21 of 24

TABLE 5-10 (Continued)

METHOD*
DETECTION

LIMIT

PARAMETER CAS ¢ (ug/1)
ANILINE 62-83-3 1.5
BlS (2-CHLOROETHYL) ETHER 111-44-4 1.5
PHENOL 108-95.2 2.0
2-CHLOROPHENOL 95-87-8 2.0
1,3-DICHLOROBENZENE 54173.1 2.0
1,4-DICHLOROBEN2ENE 106-46.7 2.0
1,2-DICHLOROBENZENE 95-50-1 2.5
BEN2YL ALCOMOL 100-51-6 2.0
B1S (2-CHLOROLSOPROPYL) ETMER 118-60-1 2.8
2-METHYLPHENOL 95-48-7 1.0
HEXACHLOROETHANE 67-72-1 2.0
N-NITROSOD IPROPYLAMINE 621-64-1 1.8
NITROBENZENE 98-85-3 2.5
&4-METHYLPHENOL 108-39-4 1.0
1SOPHORONE 78-59-1 2.5
2-NITROPHENOL 88-75.5 2.0
2,4-DIMZTHYLPHENOL 105-87-9 2.0
B1S (2-CHLOROETHOXY) METHANE 111811 2.8
2,4-DICHLOROPHENOL : 120-83+2 2.0
1,2,4-TRICHLOROBENZENE 120-82-1 2.0
NAPKTHALENE 91.20-3 2.0
&4-CHLORDANILINE 106-47-8 2.0
NEXACHLOROBUTADIENE 87-68-3 2.5

BEN20IC ACID 65-85-0 (30)

2-METHYLNAPHTHALENE 91.57-8 2.0
4-CHLORO-3-METHYLPHENOL 59.50-7 1.5
HEXACHLOROCYCLOPENTADIENE 77-472+4 2.0
2,4,5-TRICHLOROPHENOL 95-95-4 1.5
2,4,8-TRICHLOROPHENOL 88-06-2 1.5
2-CHLORONAPHTHALENE §1-58-7 1.5
ACENAPNTHYLENE 208-96-8 1.5
DIMETHYL PHTHALATE 131-111-3 1.5
2,6<DINITROTOLUENE §06-20-2 1.0
ACENAPHTHENE B3-32-9 1.5
3-NITROANILINE 99+09-2 2.5

* In Reagent Water

TR303608

NOTE: Method ilank Limit {n Reagent Water {s 2x Detection Limit
Values in Parenthesis are estimated,
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TABLE 5-10 (Continued)

BASE/NEUTRAL AND ACID EXTRACTABLE COMPOUNDS (Continved)

METHOD®
DETECTION
LIKIT
PARAMETER CAS ¢ {ug/))
DIBENZOFURAN 132-64-9 1.0
2,4-DINITROPHENOL 51-28-8 (15)
2,4-DINITROTOLUENE 121-14.2 1.0
FLUORENE 86-13.7 1.0
4-NITROPHENOL 100-02-7 1.%
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 1.0
DIETHYL PHTHALATE 84-66-2 1.0
4,6-DINITRO-2-METHYLPHENOL §534-52-1 (15)
1,2-DIPHENYLHYDRAZINE (AZ0BENZENE) 122-66-7 1.0
N-NITROSODIPHENYLAMINE AND 100-01-6 3.0
DIPHENYLAMINE

4-NITROANILINE 100-01-6 3.0
4-BROMOPHENYL PHENYL ETHER 101553 1.8
HEXACHLOROBENZENE 118241 1.5
PENTACHLOROPHENOL 87-86-5 2.0
PHENANTHRENE 85-01-8 1.0
ANTHRACENE 120-12+7 2.5
Dlen<BUTYL PHTHALATE 84-74-2 2.0
FLUORANTHENE 206-44-0 1.5
PYRENE 129-00-0 1.8
BUTYL BENZYL PHTHALATE 85-68-7 3.5
CHRYSENE™™ 218-01-9

BENZO0 (a) ANTHRACENE®® 56-55+3 1.5
8IS (2-ETHYLHEXYL) PHTHALATE 117-81-7 1.0
D1nOCTYL PHTHALATE 117-84-0 1.5
BENIO (b) FLUORANTHENE®®** 205-99-2

BENZO (k) FLUORANTHENE®** 207-08-9 1.5
BENZO (a) PYRENE 183-39-% 2.0
DIBEN20 (a,h) ANTMRACENE 53703 2.5
BENZ20 (ghi) PERYLENE 191.24-2 4.0
2-NITROANILINE 88-74-4 1.0

* In Reagent Hater AR383689 .

** These two parameters reported as a tota)
*** These two parameters reported as a total

Note: Values in parentheses are estimated
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Table 5-10 (Continued)

METHOD®
DETECTION
LIMIT
PARAMETER CAS ¢ g/}
ALDRIN 309-00-2 0.005
alpha BHC 319-84-6 (0.010)
beta BHC 319.85.7 0.005)
delta BHC 319-86-8 0.005)
gama BHC (LINDANE) 58-89.9 0.005
CHLORADANE §7-74-9 (0,020)
4,4'-D00 72-54-8 (0.020)
4,4'0DE 72-55-9 (0.005)
4,4'-00T 80-29-3 0.020
DIELDRIN 60-57-1 0.010
ENDOSULFAN 1 959.98-8 0.010
ENDOSULFAN 1 33213-65-9 0.010
ENDOSULFAN SULFATE 1031-07-8 (0.10)
ENDRIN 72-20-8 0.010
ENDRIN ALDEHYDE 7421-93-4 (0.030)
ENDRIN KETONE 53494-70-5 (0.030)
HEPTACHLOR 76-44.8 0.030
HEPTACHLOR EPOXIDE 1024-57-3 0.005
A,4' <METHOXYCHLOR 7243-8 0.020
TOXAPHENE 8001-35-2 (0.25)
PCB-1242 §3469-21+9 (0.10)
PCB-1248 12672-29-6 (0.10)
PCB-1254 11097-69-1 (0.10)
PCB-1260 11096-82-8 (0.10)
AR303610

* In Reagent Water

Note: Values in parentheses are estimated.
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Parameter

Aluminum
Chromium
Barium
Beryllium
Cobalt
Copper
Iron
Nickel
Manganese
Zine
Vanadium
Silver
Arsenic
Antimony
Selenium
Thallium
Mercury
Tin
Caleium
Potassium
Magnesium
Sodium
Cadmium
Lead

Cyanide

* In Reagent water.

TABLE 5-11

METHOD DETECTION LIMITS FOR INORGANICS
FOR DRINKING WATER PROTOCOL

Method
Detection Limit*

(ug/1)

80

Qo
P N e -

15

[}

40

NNNNLWO

0.1

500
2000
100
1000
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Upper Limit of
Working Range
Without Dilution*

1 x 106
2 x 104
2 x 104
2 x 104
2x 104
2 x 104
1x 106
2 x 104
2 x 104
1x 106
2 x 104
1x 104

20

2 x 104
1x 106
1x10-6
2x 109
1x 106
2 x 104

30 (AA),
2 x 104 (ICP)

200

AR303611
@
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6.0 SAMPLING AND FIELD OPERATION PROCEDURES

The scope of field investigations for sampling air, water and soil at the
Du Pont Newport Site are described in the Work Plan (Ref. 3).

Sampling and field operation procedures presented below are consistent with

the Standard Operating Procedures (SOP) in the USEPA REM II Site Investigation Procedure

Manual (Ref. 7) and WCC Site Investigation Baseline Procedures (Ref. 8). Specialized sampling
procedures are described in this section of the QAPP. These specialized procedures take
precedence over the SOPs. The procedures applicable to Remedial Investigations at the
Du Pont Newport Site are summarized below:

PROCEDURE TITLE PROCEDURE REFERENCE

Monitoring and Site Surveys

© 0 Monitoring Well and WCC Technical Memorandum

Piezometer Installation No. 3*

o) Borehole Geophysics Survey Sec. 6, pg. 3-4

o Soil Gas Sampling and Analysis WCC Technical Memorandum

No. 12*

o Radiometrie Survey Sec. 8, pg. 5-6

o Air Quality Monitoring and WCC Technical Memorandum
Sampling No. 4*

o) Terrain Conductivity Survey Geoniecs EM31 Manual

Sampling Procedures

o Water Sampling WCC Technical Memorandum
No. 5%

o Soil, Sediment and Rock Sampling WCC Technical Memorandum
No. 6%

0 River Sediment Sampling Seec. 6, pg. 7-9

o Radon Gas Sampling Seec. 6, pg. 10

o Determination of Ra-226 Sec. 6, pg. 11-14

in Water

AR303612
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PROCEDURE TITLE PROCEDURE REFERENCE

Subsurface Investigation

o Split Spoon Sampling ASTM D 1586
o Soil Logging ASTM D 2488
o] Soil Grain Size Analysis ASTM D 421 & 422
0 Aquifer Testing WCC Technical Memorandum
No. 8*
* Referred WCC, Hazardous Waste Management Practice, Technical Memoranda are

presented in the Appendix to QAPP.

AR303613
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PROCEDURE FOR PERFORMING
BOREHOLE GEOPHYSICS SURVEY

General

Borehole geophysies will be conducted utilizing the Neltronies 1000K portable
logging unit (or equivalent). Borehole geophysics will be conducted in the deepest monitor
wells.

The geophysical logging tools will be decontaminated between each boring.
Decontamination will include the tool itself and any cable which went down the boring.
Decontamination will consist of a detergent/water wash and potable water rinse.

Borehole Logging Procedure

Borehole geophysiecs will be conducted with the Neltroniecs 1000K (or
equivalent) portable logging unit. After each borehole is advanced to its final depth, the
logger is positioned near the‘borehole. A geophysical tool is attached to the logging cable and
centered at the top of the borehole. The tool is lowered into the borehole to the final depth of
drilling and then pulled up through the borehole while an analog plotter graphs the response
generated by the tool. Tools to be utilized on this project include resistance, spontaneous
potential, and natural gamma ray. A brief discussion of each of these is included below.

Resistance
The resistance tool consists of a ground surface electrode and an electrode

lowered into the borehole. An electrical current is passed between the electrodes. The total
resistance between the two electrodes is then measured and plotted versus depth.

AR303614
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Natural Gamma Ray

The natural gamma ray borehole logging tool consists of a sensing device
whieh measures the natural gamma ray emissions of the soils surrounding the sensor in the
borehole. As the tool is pulled up from the hole bottom, the sensor readings are plotted versus
depthf- ~ -frata encountered. The most common source of radioactivity in soils is adsorbed
ions of msu.ccalized waters on clay particles. Therefore in soils, the gamma log can be
indicative of clay content.

Spontaneous Potential

Spontaneous potential is a record of the naturally occurring potentials in a
borehole as a funetion of depth. A reference electrode is located at the ground surface and the
sensing electrode is in the tool which is lowered into the borehole. Variations in spontaneo
potential indicate that there are currents flowing between the formation and the fluid in tl‘
borehole. These currents are primarily electrochemical in nature.

Borehole Geophysies Results
Borehole geophysies field results will be used to aid in identifying and

correlating significant stratigraphic units and selecting sereen depths for subsequent shallow
monitor wells.

AR303615 (@@
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PROCEDURE FOR PERFORMING RADIOMETRIC SURVEY
Objectives

This survey has two objectives; 1) to identify areas where thorium dioxide has
been buried in the northern disposal area, and 2) to evaluate whether gamma radiation related
to the buried thorium is penetrating the landfill cover. The survey is designed to identify
anomalous areas and not to quantify the concentration of buried thorium dioxide in the
landfill.

Procedure

A Scintrex GAD-6 four channel gamma ray spectrometer, utilizing a GSP-3
sensor with a sodium iodide crystal (or equivalent), will be used to perform the survey. An
instruetion manual is provided with the equipment and should be read by the operator prior to
performing the survey. The steps outlined below summarize the field procedure and highlight
certain aspects of operating the equipment. They are not intended as a replacement for the
instruetion manual.

The instruetion manual recommends that the instrument be "laboratory energy
calibrated" on a weekly basis. This is particularly true if a quantitative survey is to be
performed. The supplier of the equipment has indicated that the GAD-6 will be shipped
"laboratory calibrated" and recommends that only the daily "field energy calibration" be
performed. If survey results show high variability, the operator should assume that the
instrument is out of calibration or that it has malfunctioned, and the supplier should be
contacted for additional information.

The field energy calibration procedure is described on page 24 of the Scintrex
GAD-6 instruction manual. Before attempting the field calibration the operator should ihspect
the equipment to insure that all cables and batteries are properly installed and connected, and
that the barium (Ba) stabilizer source is installed in the sensor. The Ba source is located in a
well in the sensor end of the detector (the end that does not have the caglaggegsep% A
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screw head, located in the center of the sensor holds the Ba source in place. The operator
must unthread the serew and make sure that the Ba source is present. The Ba source is
required for proper operation of the equipment and must be installed during the field
calibration procedure and during normal operation.

After field calibration is complete, data collection can begin. The outcome of
~ a gamma ray survey can be affected by two major variables, the distance the detector is held
above subsurface radioactive material and the count time. During data collection the detector
will be held vertically with the sensor in contact with the ground. The northern disposal site is
relatively flat, and complications due to variations in relief are not anticipated. The sensor
will be held at arms length, i.e., about 2 feet above the ground surface. The count time will be
fixed at 300 seconds (5 minutes). However, prior to actually colleeting data in the disposal
area, natural background radiation levels should be established. Background measurements
will be taken in an area north and west of the northern disposal area, in several locatio
underlain by native materials. While establishing background levels, the instrument will '
operated with the display switch set on automatiec. At each background station, readings will
be taken at count times of 100, 300 and 1,000 seconds, to evaluate the consistency of readings
at different count times. During the background survey, readings for each channel (total
count, K, U and Th) will be logged).

The survey across the northern disposal area will be performed with the
instrument operating in the automatic mode and with the mode selection switch set to
"differential non-stripped". Data collection will be performed along a grid system that has
been surveyed at the site. The survey lines are at right angles to one another and spaced 100
feet apart. Readings will be taken at 25 foot intervals along each line. After the count is
completed at each station the data will be logged by the operator on a data form. During the
survey, occasional repeat readings will be obtained at both the background stations, and at
stations along the traverse lines to check for possible instrument drift with time.

AR303617 ‘
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RIVER SEDIMENT SAMPLING PROCEDURES

Objective of river sediment sampling and analysis is to provide an indication of
whether river sediments have been contaminated by materials landfilled in the North and
South Disposal Sites by collection and analyses of samples from three areas along the seetion
of the Christina River which separates the two Disposal Sites.

To maximize the geographic coverage, sampling areas were proposed upstream
of the South Disposal Site boundary, downstream of the North Disposal Site boundary, and
directly between the North and South Disposal Sites. In each sampling area, two sample
stations will be established approximately 50-feet apart on opposite sides of the river

- centerline. At each sample station, sediments will be sampled to a depth of 5-feet below the

sediment surface, will be sectioned into discrete depth intervals, and will be submitted for -
chemical analysis.

SAMPLING METHODOLOGY

Samples will be eollected utilizing the WCC vibration drive sediment sampler
(VDSS) operating from a floating barge constructed for that purpose. Samples will be
collected from two stations in each of the three sampling areas.

Sediment sampling stations will be selected in accessible areas upstream,
adjacent to, and downstream of the North and South Disposal Sites. Sample station locations
will be determined in the field by usé of a marine sextant. Once the sampling barge had been
anchored over a sample station, from that reference point the angles between three visible
landmarks will be measured and recorded. These landmarks had been located on the site map
previously. The sample stations will be located by plotting these measurements. Water depth
will be measured at each sample station by sounding, and will be recorded along with the date
and time of measurement. Elevations of all sample stations will be back-calculated from

AR303618
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concurrent continuous measurement of tidal fluctuations recorded at the James Street bridge
monitoring station.

The sediment sampler assembly consists of a steel sampler tube 5-feet in
length with a 3.5-inch O.D. and a 2.75-inch I.D. The sampler tube is equipped with a cutting
shoe at its leading edge, and a trailing-end cap compatible with an AW drill rod econnection. It
is lined with a replaceable 2.75-ineh O.D., 2.5-inch LD. polybutyrate sleeve for sample
collection. The interior of the liner sleeve is fitted with a 2.5-inch diameter o-ring sealed
piston which provides necessary vacuum assistance in sediment sample recovery. The entire
sampler assembly is attached via AW drill rod connection to a vibrating drive head operated by
compressed air.

The sediment sampler assembly is lowered on an elevator mast to the sediment
surface. Penetration of sediments is achieved by liquefaction of saturated sediments due
vibration, and gravity advancement of the sampler assembly. Sediments slide into the interi

of the sampler assembly liner assisted vacuum provided by the o-ring sealed piston. The piston
is locked at a stationary position at the sediment surface. On recovery, the liner containing
sampled sediments is removed from the sampler assembly, capped, and sectioned into
appropriate depth intervals.

Equipment which came into contact with sample material will be disassembled
and decontaminated after use. Decontamination will be performed by washing with a mixture
of Alconox and potable water, followed by thorough steam cleaning. Decontaminated sampling
equipment will then be reassembled, and wrapped in a protective layer of clean plastie or tin
foil until needed. A clean unused polybutyrate liner will be used at each sample station.

Sampler liners containing recovered sediment material will be sectioned, by
cutting in the field, into three discrete depth segments whenever recovery will be sufficient to
do so. Typieally, the recovered sample from a single sample station will be sectioned into a
0.0 to 1.0-ft. depth interval, a 1.0 to 2.5-ft. depth interval, and a 2.5- to end-of-recovery

AR303619 .
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depth interval. The depth intervals selected will be so selected to accommodate the analytical
sample volume requirements. Table 1 provides sample format for recording of sampling
depths, sample recoveries, section logs, location and laboratory identifiers.

Following sectioning into discrete depth intervals, recovered sediment
materials within each liner segment will be individually extruded, bisected along the long axis
if the material was cohesive, and representative portions will be placed in laboratory cleaned
containers. If the material recovered is not cohesive, an effort will be made to collect a
representative composite. Samples in laboratory cleaned containers will be preserved by
cooling, were packed in laboratory provided shuttles, and will be shipped on the date of
collection in most cases. )

AR303620
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PROCEDURE FOR RADON GAS SAMPLE COLLECTION

The following procedure describes the method used for collection of radon gas
samples for anlaysis by Teledyne Isotopes, Inc., of Westwood, New Jersey. The radon gas
samples will be collected in conjunction with soil gas sampling for analysis of volatile organic
compounds. The sample containers are provided by Teledyne Isotopes.

Before a sample is taken, a vacuum pump is used to evacuate the soil gas
probe for a period of five minutes at the rate of 1 liter per minute. The pump is then
disconnected and the radon sampling cylinder attached to the probe head vacuum port. The
sampling cylinder is attached to the vacuum port with duct tape because both ports are
approximately the same size, and both consist of threaded pipe instead of graded gas outlet
pipe. Therefore, duct tape provides a better seal than plastic tubing.

When in place against the vacuum port and sealed, the sample cylinder inlet .
opened. The release of the vacuum in the sampling cylinder draws soil gas in through the

probe. The vacuum release valve is slowly opened allowing approximately 4 to 8 liters per
minute to be drawn into the container.

When the container is full, the valve is closed and the end resealed. Each
eylinder is tagged showing the date of sampling, sampler, analysis requested (radon), sample
identification, and the Woodward-Clyde contact and address.

All samples are to be shipped to Teledyne the day of sampling.

AR30362
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DETERMINATION OF RA-220 IN WAIEX

1.0 INTRODUCTION
The procedure describes the method of determining Ra-226 in water
samples by the emanation techn'iquc. Radon<222 s equilibrated with the
parent radionuclide, Ra-226, and then trinsforred through a closed systea to
an evacuated one-1iter alpha chamber. The Rn-222 and daughters activities
are measured in successive counting periods for an eighteen hour period.
2.0 DETECTION CAPABILITY ’ '
_ The: minimum detectable level (MOL) for water samples is nominally
0.1 pCi/L for Ra-226 at the 4.66 ;1911 confidence level. This figure f{s

based upon a siple volume of 0.5£, a counting time of 1000 minutes, and
upon representative values of counting efficiency (for Rn<222 and two alpha
emitting daughters) and background of 2.45 and 2.3 cpm, respectively.
3.0 SAMPLE SELECTION PROCEOURE

(a) Using the Sample Receipt Form with the Teledyne I[sotopes
sample number, locate the sample (or sample group) in the
Sample Receiving and Storage Room. Transport the sample(s)
to the Gas Analysis Laboratory.

(b) Begin filling out the Calculation Sheet -- Ra-226 Gas Counting
form, entering the customer name, the sample number, sample
collection date, the sample preparation date and the initials
of the analyst.

4.0 SAMPLE PREPARATION PROCEDURES _
(a) Transfer 0.52 of water to 2 labeled emanation flask and close

the flask from the atmosphere through the tapered, ground
seal, Different volumes of sample may be used in order to

— Approved By
Issue or Effective Technical Manager
Revision Pages Prepared 8y Date Approva)l Quality Assurance
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odtain ¢ifferent minimum detection levels and depending nlu/mm

the availability of sample volume.

Connect flask to helium supply and pass helium for ten minutes
through the frited disk. The bubdbling from the frit purges
radon from the sample.

Close the two stopcocks on the emanation flask.

Set flask aside for two weeks to permit the Rn-222 activity
to equilibrate with the Ra-226, if any, in the water.

5.0 DETECTOR LOADING

After two weeks, proceed with following steps.

(a)

(b) Open the stopcock on the flask which will permit Rn-222 $end—
y—pett it —He)—

(¢)

(d)
(e

ecor
6.0 SAMPLE COUNTING

Attach the flask to an evacuated 12 volume alpha counting

handling system. 5
chamber through the gas handling sys .-\1,,(

and

to pass into the 12 counting chamber.

(4

. )
Aftcr% ainutes
T water sample
ntil a pressure of one
vacuum gauge. This step and step
n=222 from the water sample to the counting

and into the 12 countin
atmosphere is re

Close the vacuum valve attached to the 12 counting chamber.

(a)

(v)

(c)

7.0 STANDARDS

Turn on high voltage power supply and adjust voltage to pre-
determined counting voltage.

After two minutes, erase any counts on the scaler and push the
start accumulation button. Record the start time.

Record Count at 60 minute intervals until ingrowth of Rn-222
daughters is complete as findicated by a maximum count. If
activity is indicated by the count, recount the following day
for 60 minutes to verify the presence of Rn-222 by the decay.

AND CONTROL OF COUNTERS

(a)

11/05/86

A Ra-226 standard which is NBS traceable, is cou
same manner as described above once per no:\th. m&%#ﬁm3 ‘

of the combined radon extraction from the sample and the
nuclear counting is determined with the standard. Record thel

resuits on a chart. )
AR303623
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8.0 CALCULATION OF Ra-226 ACTIVITY

The Ra3-226 activity is determined from the Rn-222 activity as
follows:

N -8 'Y
Net pCi : ( ) at 2[4/ X )t
T . ®oje (V T)' 2
2.22(v) (¢) te2ipr 2.22(v) (s) tivelip—

LN ) R

net activity counting error
. 10/04/°
where: N = total counts from sample (counts)
At = counting time for sample (min)
8 = background rate of counter (cpm)
2,22 4
v = volume of sample analyzed

¢ = efficiency of the counter

A = the decay constant for Rn-222

e“z = the correction for Rn-222 decay from the mid count time to
the time it was transferred to the counting chamber

t2 = the time lapse from transfer to chamber to midi ¢O(hE) Bife? L

| - AR30362
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Establishing and reporting activities that are equal t
the detection limit: €qual to or less than

If the net activity is equal to or is less than a specified muitiple of the
background counting error, the activity is below the limits of detection and
fs called “less than® (L.T.) or "minimum detectable level® (MOL),

The L.T. value can be specified by stating only the counting error at 3
predetermined multiple (om) of the one sigma statistics. A sigma multiple
(om) of 4.66 fs used for calculation of the L.T. values unless the customer

requests another value such as 2,83,

thus L.T, s “V;e.('u?)

2.22(v)( ¢) ve-p—

AR303625
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7.0 SAMPLE AND DOCUMENT CUSTODY PROCEDURES
7.1 SAMPLE HANDLING, SHIPPING AND CUSTODY

The samples will be collected into pre-washed and quality controled containers
with preservatives provided by ETC Corporation. Sample containers, preservation technigues
and maximum holding times prior to extraction and/or analysis are specified in Table 7-1.

Sample containers will be prepared and labeled as summarized in Table 7-2
using the preparation protocols in Table 7-3. Examples of sample labels identified in Table 7-2
are shown on Figure 7-1. Sample containers for certain analyses will be pre-preserved at the
laboratory using the chemicals and concentrations summarized in Table 7-3. ETC Corporation
will maintain documentation of the manufactures, grade, lot number and/or other identifying
information regarding preservatives added to sample containers.

One groundwater sample will be collected from each monitoring well during
each scheduled groundwater sampling event. The filtrate will be filtered into an appropriate
pre-preserved and pre-labeled sample bottle to be submitted to the laboratory for dissolved
metal analysis. These samples will be filtered in the field using a 0.45 micron filter. Filtering
of the sample may not be possible if the specimen contains amounts of oil and grease that
would clog the filter. In this case, the oil and grease will be decanted from the top phase in
such a manner as to permit filtering of the water phase. In addition, one round of ground
water samples will be collected from the background monitoring wells that will not be filtered.
These samples will be analysed for total metal concentrations and will be used to determine
the background conditions of waste liquids collected on-site.

Following samplir{g, the outside of the sample containers will be
decontaminated at the Contamination Reduction Zone (see Ref. 4) by immersing the container
up to the neck (or slightly below the bottom of the cap) in a soap (Alconox or equivalent) and
water solution, followed by a potable and two distilled water rinses. Pertinent sample
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identification data will be recorded on the sample label, and the sample containers will be
placed in sample shuttles provided by ETC Corporation for overnight shipment. The Chain-of-
Custody Form will be signed by each sampling participant and will be placed in the sample
shuttles.

Water and soil samples will be shipped the same day collected. Upon arrival in
~ the laboratory, samples will be checked in by the ETC Corporation. The Sample Custodian
wills

o Verify that the number of samples received in the shipment agrees with the
number listed on the Chain-of-Custody Form.

o Verify that the label information on each bottle agrees with the information
documented on the Chain-of-Custody Form.

o Document on the Chain-of-Custody Form, the integrity/condition (bott
intact, temperature, etc) of all received samples. b

In the event of any diserepancy or problems associated with the sample shipment, the Sample
Custodian will immediately notify the WCC Project Manager. A unique labora-tory sample
number will be assigned to each sample. Pertinent information from the Chain-of-Custody
Form and/or sample label (WCC sample number, sampling location, sampling date and time,
sample description, and requested analyses) together with the date of sample receipt, will be
entered into ETC Corporation's computerized laboratory information management system
which will be used to record the status of samples, their storage locations and the analytical
results (see Section 10).

The laboratory will retain the soil samples for 30 days after analysis report is
delivered to WCC.

Sample handling and chain-of-custody procedures will be in accordance with
those guidelines described in USEPA "User's Guide to the Contract Laboratory Program" (Ref.
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9) and the NEIC "Policies and Procedures" (Ref. 10). A Chain-of-Custody Form (Figure 7-2)
will be maintained for each sample collected. The Chain-of-Custody Form will provide an
accurate written record which can be used to trace the possession and holding of samples from
the time of collection through data analysis and reporting. The following information will be -
specified for each sample on the Chain-of-Custody Form: 1) sequential sample number, 2)
sample date, 3) sample time, 4) sample location (and depth where appropriate), and 5) analyses
to be performed.

7.2 FIELD DOCUMENTATION

Field log books will provide the means of recording data collection activities
performed. As such, entries will be described in as much detail as possible so that persons
going to the site could reconstruct a particular situation without reliance on memory.

Field log books will be bound, field survey notebooks. Log books will be
assigned to field personnel, but will be stored in the field project file when not in use. Each
log book will be identified by a project-specific number. The title page of each notebook will
contain: 1) person or organization to whom the book is assigned, 2) book number, 3) project
name, 4) start and end dates.

Entries into the log book will contain a variety of information. At the
beginning of each entry, the date, start time, weather, names of all sampling andor
investigative personnel present, level of personal protection being used, and the signature of
the person making the entry will be entered. The names of visitors to the site and the purpose
of their visit will be recorded in the field log book.

Measurements made and samples collected will be recorded. All entries will
be made in ink and no erasures will be made. If an inecorrect entry is made, the information
will be crossed out with a single strike mark. Wherever a sample is collected or a
measurement is made, a detailed description of the location of the station, which ineludes
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compass and distance measurements, will be recorded. The number of photographs taken of the
station will also be documented. All equipment used to make measurements will be identified,
along with the date of calibration.

The equipment used to collect samples will be noted, along with the time of
collection, sample description, depth from which sample was collected, volume and number of
containers. Sample identification numbers will be assigned prior to sample collection.
Duplicates, which will receive a separate sample number, will be noted under sample
description.

Representative photographs of sampling stations with respect to surrounding
areas and relative to objects used to locate the station may be taken. If taken, the pieture
number and roll number will be logged in the field log book to identify which sampling site is
depicted in the photograph. The film roll number will be identified by taking a photograph ’
an informational sign on the first frame of the roll. The project and film roll numbers and da

should be shown on this sign.
7.3 PROJECT FILE

Project documentation will be maintained in general accordance with
guidelines in NEIC "Policies and Procedures" (Ref. 10). A project file will be maintained by
.the Project Manager which will contain complete project documentation. This file will include:
project plans and specifications; field logbooks and data records; photographs, maps and
drawings; sample identification documents; chain-of-custody records; the entire analytical
data package provided by the laboratory including QC documentation; data review notes;
references and literature; report notes and calculations; progress and technical reports;
correspondence and other pertinent information.

AR303629 ‘
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Du Pont Newport QAPP

88C2076-1

_Matrix

Water

Air

Notes:

(1) Preparation protocols are listed in Table 7-3
(2) Examples of labels shown on Figure 7-1.
(3) Containers for air sampling are provided directly from the factory.

TABLE 7-2

Parameter

Volatile Organies

Extraciable Organies

Metals
Cyanide

Volatile Organies

Extractble Organies

Metals
Volatile Organics

Volatile Organies

Extractable Organies

Woodward-Clyde Consultants

SAMPLE CONTAINER PREPARATION SUMMARY

Preparation

Protoeol(l)

P m OQOpPpwWm QQPrt@
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Label(2)

Organies
Organies
Metals
Cyanide

Organics
Organics
Metals

Organics

Organies
Organics




1.

2. Rinse three times with tap water.

3. Rinse with 1:] nitric acid.

4. Rinse three times with ASTM Type | deionized
water.

1.  WVash containers, septa, and closures in hot
water with laboratory grade non-phosphate
detergent,

2.  Rinse three times with tap water,

3. Rinse three times with ASTM Type | deionized
water. '

1.  Wash containers, closures, and teflon liners
with hot tap water with laboratory grade
non-phosphate detergent.

2. Rinse three times with tap water.

3. Rinse with l:} nitric acid

Parameter Preservative

Metals Conc. HNO,

Cyanide - 10 N NaOH

Du Pont Newport QAPP
88C2076-1

Woodward-Clyde Consuitants

Section 7
Revision 1
7 April 1988
Page Tof 9

TABLE 7-3

SAMPLE CONTAINER PREPARATION PROTOCOLS

Wash containers, closures and te{lon liners
in hot tap water with laboratory grade non-
phosphate detergent,

PROTOCOL A

’.
6.
7.

Rinse with pesticide grade methylene chioride,

Oven dry.

Remove containers, closures, and teflon liners from oven.
Place teflon liners in closures and place closures on
container. Attendant to wear gloves and containers to not
be removed {rom preparation room until sealed.

PROTOCOL B

8,
3.
6.

Oven dry containers, septa and closures.

Remove containers, septa, and closures from oven.

Place liners in closures, teflon side down, and place on
containers. Attendant to wear gloves and containers to not
be removed {rom preparation room until sealed.

PROTOCOL C

LB
’l
‘l

Rinse three times with ASTM Type | deionized water.

Air dry in contaminant-free-environment.

Place liners in closures and place closures on containers,
Attendant to wear gloves and containers to not be removed
from preparation room until sealed,

PRESERVATION SCHEDULE POR WATER SAMPLES

Amount Preservative Concantration
Added in Sample
—_—m) m
2.0 2
10 2

AR303632
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08933 VoA Volatiles !

ETC Corp. provides computer-printed adhesive labels
(with indelible ink) on all sample hottles. The
. following information appears on the label:

Sample Number, Bottle Type, Analysis, Preparer,
Date, Facility, Preservative.

FIGURE 7-1

SAMPLE LABELS AR303633 ‘
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ENVIRONMENTAL TESTING and CERTIFICATION Sesi No. ETCJob #
CHAIN OF CUSTODY FORM (CC1) ORIGINAL 114 Sealed By:
A B
Company: Attn.: N S
FacilitySite: Phon e —
Address: ' -
SAMPLE IDENTIFICATION
Facility: Lottt aad i
Fociutylie Cage sl IPaOnes
Samplepont: LU+ ¢ v 3 oo bl Lyt b e ]obrgd
Source Cose Your Sampie Poent 10 Stant Dase Sant Timg Elaseed Hows
Tirem nesow) N iy Bal - -3 QU8 N cvmhy Lo ]
Source Codes.
Weid M OutteM O Sottom Sediment I Surtace " Leachais C Sys. Iy Ocher . o
Sod B RiverrBiream (W Qenersiion Soint G} Trestmemt Facility M LakaiOcasn ) Sewcity
SHUTTLE CONTENTS
- SOTTLE . - .
B Prooan] - ANALYSES . .. .. YT
3
p
b 3
4 E:
3 ~
.
v
]
CHAIN OF CUSTODY CHRONICLE
Shuttie Opened By: (print) Date: Time:
* Signature: Seal #: intact:
{ have received these materials in good condition from the above person. :
2 Name: Signature:
Date: Time: Remarks:
i have received these materiais in good condition from the above person.
] Name: Signature:
Date: i Time: Remarks:
Shuttle Sealed By: (print) Date: Time:
‘ Signature: Seai #: Intact:
LAB USE ONLY Opaned By: Datx Tins:

SHUTTLE ? TEMP. °C SEAL S COND.

FIGURE 7-2 AR303634
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8.0 CALIBRATION CONTROL

All field and laboratory instruments will be calibrated prior to use. The
calibration procedures will follow standard manufacturer's instructions to assure that the
equipment is functioning within tolerances established by the manufacturer and analytical
requirements,

Laboratory calibration procedures for testing of TCL parameters will be
performed in accordance with the CLP Statements of Work and the CRL Standard Operating
Procedures. Calibration of instrumentation used in the analyses of inorganics (Metals and
Cyanide) will conform to the procedures in SOW-785 (Ref. 5) or SOW-787 when applicable and
CRL SOP (Ref. 6). Calibration of instrumentation used in the analyses of HSL organies
(Volatiles, Semi-volatiles and Pesticides/PCB's) will conform to the procedures in SOW-787

(Ref. 5) and CRL SOP (Ref. 6). ‘

Field calibration procedures will be performed on field instrumentation as
follows:

o pH Meter - premeasurement calibration and post-measurement verification .
using at least two standard buffer solutions for each sample tested. The
buffer solutions should bracket the sample pH. The two measurements must be
within+ 0.05 standard unit of buffer solution values.

o Conductivity Meter - daily calibration using potassium chloride (KCl) standard
solution. The meter measurement must read within 10 percent of the standard
to be considered in control.

o] Temperature - temperature is measured using a thermostat built into the
Conductivity Meter. The readings will be checked at least once at the start of
the field use of the instrument using a quality grade thermometer.

RR303635 '
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o Air Sampling Pumps - before and after each field sample is collected, a

calibration of the pump will be conducted with a representative XAD-2, XAD-
7, or charcoal tube in line to assure proper flqw rates are maintained. A soap-
film bubble column v,'ill be attached to the inlet of the sample calibration
tube, and the volume of air displaced and elapsed time will be recorded on
calibration sheets as verification of the flow rate.

o OVA - Calibration will be accomplished using a single known sample of
methane in the range of 90 to 100 ppm. The calibration procedure will be

performed daily.

o HNu P1101 - Calibration will conform to Procedure 6607001 of Reference 7.

AR303636
®
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9.0 ANALYTICAL PROCEDURES

The analytical methods that will be used to test each parameter in water,
sediment, soil, and air are listed in Tables 9-1, 9-2 and 9-3. The analytical procedures for
testing the TCL parameters. will be in accordance with those specified in the SOW-785 or
SOW-787 when applicable, and 40 CFR Part 136 (Refs. 5 and 6).

AR303637
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Parameter

Metals (1,2,3)
Mercury (1,2)
(Water)

Mercury (1,2,3)
(Soil, Sediment)

Cyanide (1)

Volatile Organies (5)

Semi-Volatile Organies (5)

Pesticides/PCB's(5)

Air
Volatile Organies

NOTES:

Woodward-Clyde Consultants

Section 9
Revision 1
T April 1988
Page 2 of 5
TABLE 9-1
ANALYTICAL METHODS
Method Type
EPA Method 200.7 CLP-M ICP, AA-Fla, or

AA-Furnace

EPA Method 245.1(.2) CLP-M Manual (Automatie)

Vapor Cold

EPA Method 245.5 CLP-M Manual Cold Vapor

EPA Method 335.2 CLP-M Titrimetrie; Manual
: Spectrophotometrie

EPA Method 624 CLP-M GC/MS

EPA Method 625 CLP-M GC/MS

EPA Method 608 CLP-M GC/EC

NIOSH Method 1501 (6) GC, FID

(1) Testing for Metals and Cyanide will conform to the procedures in SOW-785 for
Inorganic Analysis, (Ref. 5).

(2) Preparation of samples for metals testing will conform with the following

procedures in SOW-785:

Furnace Digestion Procedure for Waters
ICP/Flame AA Digestion Procedure for Waters
Sample Preparation of Sediments, Sludges and Soils

AR303638
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TABLE 9-1 (Continued)

NOTES: (cont'd)

(3) A separate determination of percent solids will be performed according to Sample
Preparation of Sediments, Sludges and Soils and concentrations determined inthe
digest will be reported on a dry weight basis.

(4) Any analytiecal method listed in SOW-785 may be used as long as the documented
instrument or method detection limits meet the detection limit requirement shown in
Table 5-5. Analytical methods with higher detection limits may be used only if the
sample concentration exceeds twice the documented detection limit of the instrument
or method.

(5) Testing for Volatile Organies, Semi-Volatile Organies and Pesticides/PCB's will
conform to the procedures in SOW-785 for Organics Analysis (Ref. 5). These
procedures will be modified by adding Appendix 11 Analyses that are not included in
the CLP protocols (see Table 3-3).

(6) Test Methods from NIOSH Manual of Analytical Methods (Ref. 12), ‘

AA Atomie Absorption

CLP-M Modified for Contract Laboratory Program
EC Electron Capture

FID Flame lonization Detector

GC Gas Chromatography

ICP Inductively Coupled Plasma

MS Mass Spectrascopy

AR303639 ‘
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TABLE 9-2

ANALYTICAL METHODS FOR INORGANICS ANALYSIS
FOR DRINKING WATER

Method Method

Parameter Number Designation Date

Antimony ' 204.1 Atomie Absorption, AA Furnace(l) In effect
Technique, Standard Addition

Arsenic 206.2 Atomic Absorption, AA Furnace(l) In effect
Technique, Standard Addition

Lead 239.2 Atomie Absorption, AA Furnace(1) In effect
‘ Technique, Standard Addition

Selenium 270.2 Atomiec Absorption, AA Furnace(1) In effect
Technique, Standard Addition

Thallium 279.2 Atomie Absorption, AA Furnace(l) In effect
Technique, Standard Addition

Alluminum, Barium, 200.7 Induetively Coupled Plasma, In effect

Beryllium, Cadmium, Digested

Caleium, Chromium,
Cobalt, Copper, Iron,
Lead, Magnesium,
Manganese, Nickel,
Potassium, Silver,
Sodium, Tin, Vanadium,

Zine

Mercury 245.2 Total Mercury (automated In effect
persulfate digestion, cold-
vapor AA determination)

Cyanide 335.3 Screen by Method 335.3 S and In effect

335.2 confirm positive values using
Method 335.28 for total
cyanide (manual distillation,
automated spectrophotometric
determination

(1) Samples containing suspended or settled particulates will be digeste& g‘gl&gé&@ls
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Parameter

Base/Neutral/Acid

Compounds

Volatiles

Pesticides and
PCBs

ANALYTICAL METHODS FOR ORGANICS ANALYSIS

TABLE 9-3

Woodward-Clyde Consultants

FOR DRINKING WATER

Method Method
Number Designation
625 GC/MS/DS analysis of nonvolatile
organic compounds
524.1 Analysis of volatile organic
compounds in drinking water
samples using GC/MS
608 Organochlorine pesticides and

PCBs

Section
Revision
7 April 19

Page 5 of 5

Effective
Date

In effect

In effect

In effect




Woodward-Clyde Consultants

Du Pont Newport QAPP Section 10
88C2076-1 Revision 1
7 April 1988
Page 1 of 3

10.0 DATA REDUCTION, VALIDATION AND REPORTING

ETC Corporation will perform in-house analytical data reduetion and valida-
tion under the direction of the Laboratory QA Officer. The Laboratory QA Officer is
responsible for assessing data quality and advising of any data which were rated "preliminary"
or "unacceptable" or other notations which would caution the data user of possible

_ unreliability. Data reduction, validation, and reporting by ETC Corporation will be conducted

as follows:

o) 'Raw data produced by the analyst is turned over to the respective area
supervisor,
o The area supervisor reviews the data for attainment of quality control criteria

as outlined in CLP protocols and/or established EPA methods and for overall
reasonableness.

o) Upon acceptance of the raw data by the area supervisor, a computerizedreport
is generated and sent to the Laboratory QA Officer.

o The Laboratory QA Officer will complete a thorough audit of reports at a
frequency of one in ten, and an audit of every report for consistency.

0 The QA Officer and area supervisor will decide whether any sample re-analysis
is required.

0 Upon acceptance of the preliminary reports by the QA Officer, final reports
will be generated and signed by the Laboratory Project Manager. The
laboratory package shall be presented in the same order in which the samples
were analyzed.

Data reduction and reporting procedures will be those specified in the CLP
SOW-785 or SOW-787, when applicable, for inorganic and organic analyses.

ETC Corporation will prepare and retain full analytical and QC documentation
similar to that required by the Contract Laboratory Program. Such retained documentation

AR303642
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need not be hard (paper) copy, but may be in other storage media(e.g., magnetic tape). As
needed, ETC Corporation will supply hard copy of the retained information.

ETC Corporation will report the data in the same chronological order in which
it is analysed along with QC data. ETC Corporation will provide the following information to
WCC in each analytical data package submitted:

1, Cover sheet listing the samples included in the report and narrative com-ments
deseribing problems encountered in analysis.

2. Tabulated results of inorganic and organic compounds identified and quantified.

3. Analytical results for QC sample spikes, sample duplicates, initial and a continuous
calibration verifications of standards and blanks, standard procedural blanks,
laboratory control samples and ICP interference check samples.

4, Tabulation of instrument deteetion limits determined in pure water. )

5. Raw data system printouts (or legible photocopies) identifying date of analys.
analyst, parameters determined, calibration curve, calibration verifications, method

blanks, sample and any dilutions, sample duplicates, spikes and control samples.

For organic analyses, data packages must include matrix spikes, matrix spike
duplicates, surrogate spike recoveries, chromatograms, GC/MS spectra and computer
printouts.

In addition to the analytical data package described above, WCC and ETC
Corporation will establish a telecommunications data link so that analytical test results in
ETC Corporation's system can be electronically transferred to WCC computers.

WCC assessment will be acecomplished by the joint efforts of the Data
Reviewer and Project Manager. The data assessment by the Project Manager will be based on
the criteria that the sample was properly collected and handled according to Section 7.0 of

this QAPP.
AR3036L3 ‘
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The WCC Data Reviewer will conduet a systematiec review of the data for
compliance with the established QC criteria based on the spike, duplicate and blank results
provided by the laboratory. An evaluation of data accuracy, precision, sensitivity and
completeness, based on criteria in Seetion 5.0, will be performed and presented in the RI

report.

The Data Reviewer will identify any out-of-control data points and data
omissions and interact with the laboratory to correct data deficiencies. Decisions to repeat
sample collection and analyses may be made by the Project Manager based on the extent of
the deficiencies and their importance in the overall context of the project.

All data generated for the Du Pont Newport Site RI/FS will be computerized
in a format organized to facilitate data review and evaluation. The computerized data set will
include the data flags provided by ETC Corporation (in accordance with the SOW-785 (Ref. 5)
or SOW-787, if applicable, as well as additional comments of the Data Reviewer. The
laboratory-provided data flags will include such items as: 1) concentration below required
detection limit, 2) estimated concentration due to poor spike recovery, and 3) concentration of
chemical also found in laboratory blank. The Data Reviewer comments will indicate that the
data are: 1) useable as a quantitative concentration, 2) useable with ecaution as an estimated
concentration, or 3) unuseable due to out-of-control QC results.

The Du Pont Newport Site RI/FS data set will be available for controlied

access by the Project Manager, and authorized personnel using a site-specific code. The
complete data set will be incorporated into the RI report.

Further details concerning the management of the Du Pont Newport Site
RI/FS data set and files are addressed in the Work Plan (Ref. 3).

AR303644
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11.0 INTERNAL QC CHECKS

There are two types of quality assurance used by ETC Corporation to ensure
the production of analytical data of known and documented useable quality: program quality
assurance and analytical method quality control.

ETC Corporation has a written Quality Assurance/Quality Control program
which provides rules and guidelines to ensure the reliability and validity of work conducted at
the laboratory (Ref. 11). Compliance with the QA/QC program is coordinated and monitored
by ETC Corporation's Quality Assurance Unit (QAU), which is independent of the operating
departments.

The stated objectives of the ETC Corporation QA/QC Program are to:

o] " Ensure that all procedures are documented, ineluding any changes ‘
administrative and/or technieal procedures.

o Ensure that all analytical procedures are conducted according to sound
scientific principles and have been validated.

o Monitor the performance of the laboratory by a systematie inspection program
and provide for corrective action as necessary. ‘

o] Collaborate with other laboratories in establishing quality levels, as
appropriate.

o Ensure that all data are properly recorded and archived.

All laboratory procedures are documented in writing as either Standard
Operating Procedures (SOP) or Method Procedures (MP) which are edited and controlled by the
QAU. Internal quality control procedures for analytical services will be conduected by ETC
Corporation in accordance with their standard operating procedures and the individual method
requirements in a manner consistent with appropriate SOW-785 or SOW-787, if applicable, and

40 CFR Part 136. These specifications include the types of audits required (sample spikes,

AR3036LS '
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surrogate spikes, reference samples, controls, blanks), the frequency of each audit, the
compounds to be used for sample spikes and surrogate spikes, and the quality control
acceptance criteria for these audits.

The internal quality control procedures associated with testing of the Du Pont
Newport Site RI/FS parameters have been described in Section 5.0, and are summarized in
Tables 5-1 through 5-11,

ETC Corporation will document, in each data package provided, that both
initial and ongoing instrument and analytical QC functions have been met. Any samples
analyzed in non-conformance with the QC criteria will be rear{alyzed by the laboratory if
sufficient sample volume is available. It is expected that sufficient volume of samples will be
collected for reanalysis.

AR3036L6
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12.0 PERFORMANCE AND SYSTEM AUDITS

System audits will be performed on a semi-continuous basis as appropriate
throughout the duration of the project. The Field Team Leader is responsible for super-vising
and checking that samples are collected and handled in accordance with the approved project
plans and that documentation of field work is adequate and complete. The Project Manager is
 responsible for overseeing that the Du Pont Newport Site RI/FS performance satisfies the QA
objectives, as set out in this QAPP. Reports and technical correspondence will be reviewed by
an assigned qualified individual, otherwise external to the pfoject, before being finalized.

ETC Corporation participates in the USEPA Contract Laboratory Program.
Performance audits of laboratories participating in the Contract Laboratory Program (CLP)
are performed in accordance with the procedures and frequencies established for the CLP by
USEPA. ETC Corporation is routinely been audited by CLP auditors. The analyses for t
Du Pont Newport Site RI/FS analytical testing program will be audited at least once during t'
conduct of the program by ETC (forporation Quality' Assurance Unit.

The USEPA may elect to conduct separate performance audits of the ETC
Corporation in relation to ETC Corporation's involvement in the Du Pont Newport Site RI/FS.
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13.0 PREVENTIVE MAINTENANCE

As part of their QA/QC Program, a routine preventive maintenance program is
conducted by ETC Corporation to minimize the occurrence of instrument failure and other
system malfunctions. ETC Corporation has an internal metrology group to perform routine
scheduled maintenance, and to repair or coordinate with the vendor the repair of all
instruments. ETC Corporation has multiple instruments which will serve as backup to those
instruments dedicated to this project. Field instruments will be checked and calibrated prior to
their use on-site and batteries will be charged daily, where applicable.
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14.0 DATA MEASUREMENT ASSESSMENT PROCEDURES

Specific procedures to access precision, aceuracy, sensitivity and
completeness will be in accordance with the requirements of the SOW-785 or SOW-787, if
applicable, and the 40 CFR Part 136 for inorganic and organic analyses (Refs. 5 and 6). Data
assessment and review will be accomplished by the joint efforts of the Data Reviewer and
Project Manager. The Data Reviewer will review the analytical results for compliance with
the established QC criteria as described in Seetion 10.0. The data assessment by the Project
Manager will be based on the criteria that the samples were properly collected and handled
according to the Work Plan (Ref. 3) and Section 7.0 of this QAPP. Any problems arising during
sample collection, packing, shipping or analysis will be taken into consideration.
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15.0 CORRECTIVE ACTION

Quality control limits for acceptance of data are defined in the SOW-785 or
SOW-787, if applicable, and the 40 CFR Part 136 for inorganic and organic analyses (Refs. 5
and 6) and have been summarized in Section 5.0. Nonconformance with the established quality
control procedures will be identified and controlled. No additional work which is dependent on
the non-conforming activity will be performed until the non-conformance is corrected.
Corrective actions will be defined and documented by the Project Manager as appropriate.

Corrective action ihdicated by audit results or detection of unacceptable data
will be determined by the WCC Project Manager. Corrective action may include, but is not
limited to:

reanalyzing the samples, if holding time criteria and sample volume permit,
resampling and analyzing, .

evaluating and amending sampling and analytical procedures,

accepting data with an acknowledged level of uncertainty, and/or

discarding the data.

© 0O O o o
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16.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT

ETC Corporation will provide WCC with QA reports of their audits by CLP and
of internal audits by their QA Unit. The WCC Data Reviewer will submit a QA Report to the
WCC Project Manager after each round of sampling and analyses which deseribes the
accuracy, precision and completeness of data collected during that round.

The complete and correct implementation of this QAPP will be reviewed by
the Project Manager and an assessment of adherence to sample collection procedures and data
quality will be presented in the Du Pont Newport Site RI Report.

Meetings to discuss the progress of the project will be held, as requested by
Du Pont or USEPA Region IIl. Concerns which arise during the course of the work that might
require significant changes to the scope of work or departures from the protocols specified ’
the approved project plans will be discussed at these meetings. Proposed adjustments will b
submitted to USEPA, and approved ig writing, beforé they are implemented.
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HAZARDOUS WASTE MANAGEMENT PRACTICE

TECHNICAL MEMORANDUM NO. 3 ,
GROUNDWATER MONITORING WELL AND PIEZOMETER INSTALLATION PROCEDURES

3.1 Monitoring Well Installation

3.1.1 Purpose

Monitoring wells must be installed in a manner such that representative
groundwater samples can be readily obtained. Contamination of the water-
bearing zone by drilling equipment or cross contamination of wells during
the drilling process must be avoided. (Decontamination procedures are
described in Technical Memorandum No. 11.) Vertical seepage of surface
water tg the monitoring well groundwater intake zone must also be
minimized.

This section describes designs, procedures and materials that can be used
to construct a monitoring well that may be capable of producing representa-
tive groundwater samples. An accuracy in the parts per billion range is
required at many hazardous waste sites. A variation of the technical
approach from that contained in this section may be acceptable, provided
the quality and accuracy of the end product is not compromised and the var-
iation is approved by the Project Manager.

3.1.2 General Considerations

-Many government agencies have well specifications which differ from the

design specifications presented in this section. In addition, licensing
and/or certification of the driller may be required. Well construction
procedures should meet regulatory agency requirements. Examples of state
agencies which may promulgate regulations applying to monitoring wells
include: Department of Natural Resources, Department of Health, Department
of Water Resources, Environmental Protection Agency and Geological Survey.

To maintain quality control and obtain accurate log information, a WCC
engineer or geologist should be on site during well installation to log
subsurface conditions and well construction details for each well.

Factors which are considered in détermining the method of well installation
include:

1. The expected nature of the materials to be encountered.
2. Site accessibility.

3. Availability of drilling water.

4

. Diameter and depth of well desired.
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ORiINAL
Factors which apply to selection of an appropriate well design include¥!

1. Expected transmissivity and storage coefficient of the aquifer.
2. Water level conditions and trends.
3. Water quality and type and characteristics of contaminants.
4, Economic, budget, and time constraints.
5 Length of time the well will be in service.
"Factors which influence the location of monitoring wells include:
1. Objectives of the monitoring program.
2 Location of facilities to be monitored.
3. Groundwater gradient.
4

Location of above-ground and underground utilities and man-made
features.

5. Accessibility to desired areas.

3.1.3  Well Installation Materials | .

Materials used in the construction of monitoring wells must remain essen-
tially chemically inert with respect to the contaminants in the ground-
water for the duration of the well monitoring program.

The most commonly used well construction materials are PVC and stainless
steel. PVC is the least expensive and easiest material to use. It is
generally believed that PVC does not decompose in contact with groundwater
containing low concentrations of organics. High concentrations of organic
contaminants have been shown to react with PVC and cause decomposition of
the casing over a period of time. Stainless steel provides greater
structural strength and its use may be advantageous for large diameter
wells. Teflon casing is manufactured and is chemically inert but is very
expensive. Well casing and screen are available in threaded and unthreaded
sections and typically in lengths of 5, 10 and 20 feet. Threaded pipe
joints should be wrapped with Teflon tape to facilitate joining and to
improve the seal. Sections of casing and screen should be assembled on
site to allow inspection immediately before installation.

Well materials should be cleaned prior to well installation. Two methods
are acceptable, namely, high pressure hot water or steam, and detergent
wash and distilled rinse. The former is preferred because it is easier and
faster.

AR303659
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Screen

The purpose of the well screen is to allow water to enter the well easily
while preventing entry of large amounts of sediment. The slot size of the
well screen is usually determined based on selection of the filter pack
material. Both are commonly related to the grain size analysis of the
formation material. Methods of determining appropriate screen slot size
are listed in the EPA Manual of Water Well Construction Pract1ces, 1975
(EPA Publication 570/9-75-001).

Seal

Typically a seal of bentonite pellets with a thickness of at least 2 feet
is installed above the filter pack to more effectively seal the collection
zone of the well and to prevent the intrusion of overlying cement or cement
bentonite grout material into the filter pack. Depending on the type of
seal used, it may be placed by tremie pipe, pumping, gravity, or mechanical
means. If bentonite pellets are used and the top of the filter pack is
above the top of the groundwater, the pellets should be crushed or broken
and distilled water should be poured in to allow the bentonite to hydrate
and swell before backfilling with grout. The breaking-up of the pellets
allows hydration to occur more rapidly. If available, granulated bentonite
is preferred over pellets or balls because the granulated can produce a
tighter seal and more rapidly. Granulated bentonite is more expensive and
commonly difficult to obtain.

Annulus Backfill

The annular space above the filter pack and seal i5 grouted with a bento-
nite, bentonite/cement or cement grout with shrinkage reducer. The primary
purpose of grouting is to minimize the vertical migration of water to the
groundwater intake zone. Another purpose is to increase the integrity of
the well casing.

The EPA recommends that a cement grout consist of no more than six gallons
of potable water per 94-pound bag of Portland cement.

If sand aggregate is used, the recommended mixture is two parts of
aggregate by weight to one part cement with no more than six gallons of
potable water per 94-pound bag of Portland cement. (Refer to EPA Manual of
Water Well Construction Practices.)

Certain groundwater quality may further require special grout materia1s.
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Grouting Technique .
To avoid the possibility of breaching or well casing damage, extreme care
must be used when heavy grout materials, such as concrete, are poured.
Grout may be placed by a variety of methods including pouring, bailer
dumping, tremie pipe, and pumping. Pouring the grout down the annular
space is not generally recommended, especially if the depth is greater than
approximately 20 feet or if water is standing in the annular space. If the
annular space is wide enough to permit the entry of a dumping bailer or
tremie pipe, grout may be placed by either of these methods. The grout
should be added near the bottom of the remaining annular space and the
placement device slowly raised as the grout is placed. Pumping the grout
is generally the best method of grouting if the distance to placement is
great or water 1is standing in the annular space. If grout is pumped
through a rotary drill rig pump, care must be taken to adequately clean the
pump after grouting is completed.

Cement or concrete are often placed over a bentonite grout in the upper few
feet of annulus to allow setting of a protective casing. If a cement or
concrete grout has been used, grouting may continue to ground surface and
the protective casing installed directly into the grout. A drain hole
should be drilled through the protective casing nominally 6 inches below
the top of the casing (but below the level of the vented cap of the stick-
up portion of the well). The casing is set over the well, such that the
embedded part is greater than or equal to one-half the protective casing
length, if possible. Grout is then added inside the casing to the level of
the drain hole. The protective casing should be marked with identifying
decals and surveyed into the existing grade to allow the determination of
the groundwater elevation in the well. A locking device should be
installed to prevent unauthorized entry or vandalism of the well.

Well Types

Four typical monitoring well types are discussed in subsequent sections:
(1) wells screened over a single interval (Type A), (2) telescoping wells
(Type B), (3) clustered wells, and (4) nested wells. 0f these four
designs, three designs (Types A, B, and clustered wells) are recommended
for general use and are easily constructed. Design of nested wells calls
for multiple sampling zones within a single borehole, has limited use, and
is very difficult to construct. Each well design is discussed and its
principal advantages and disadvantages addressed. Selection of well type
should be based upon formation and contamination characteristics.

Monitoring wells must be developed before samples are obtained.
Section 3.3 addresses well development procedures.
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3.1.4.1 Type A Wells S uoW

Wells screened over a single vertical interval are the most common type of
monitoring well. A typical detail for a Type A well is shown in Figure 3-
1. The design of the well consists of a section of slotted well casing or
well screen connected to a riser pipe that extends above the ground sur-
face. Typically, a filter pack is placed in the annulus between the screen
and the borehole. (A filter pack may not be possible under certain condi-
tions such as heaving or running sand.) The remaining height of annulus is
sealed and/or grouted to the surface with a bentonite, cement, or bento-
nite/cement grout. Lockable protective casing is constructed over the
stick-up portion of the well.

The diameter of the borehole and the inside diameter of any drill casing or
hollow stem auger should be at Tleast 4 inches greater than the outside
diameter of the well casing and screen. This annular clearance facilitates
the placement of the filter pack and grout around the outside of the well
screen and casing.

The advantages of a Type A well are that it is quick, simple, and rela-
tively inexpensive to install. The major disadvantage is that, by itself,
it is not possible to determine the vertical distribution of contaminants
in the groundwater.

Commonly, Type A well screens are installed at the level of the water
table, typically 10-feet long to permit recording seasonal fluctuation of
the water table.

3.1.4.2 Type B Wells

Telescoping wells are installed when the groundwater zone to be sampled
must be sealed off from overlying groundwater zones. This is necessary to
minimize cross-contamination of the lower zone, especially if analyses in
the parts per billion range are to be performed. An example of a typical
telescoping well is shown in Figure 3-2.

A large diameter boring, often 6 to 12 inches or more in diameter, is
drilled to an elevation above the groundwater zone to be sampled and below
the zone to be sealed off. A minimum 2-foot-thick cement/bentonite grout
plug is pumped or tremied into the bottom of the boring. A casing with an
outside diameter 2 to 4 inches less than the borehole is centered and set
into the grout before it sets to provide an effective bottom seal. A
bentonite or cement/bentonite grout is placed in the annular space to
ground surface. After the grout has set, the borehole is advanced through
the cement/bentonite plug to the desired depth in the underlying ground-
water zone by drilling or coring inside the installed casing with a bit
smaller in diameter than the casing.
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The remainder of the installation process is similar to that used to
install Type A wells. An interior well casing with screen, approximately
4 inches 1less in diameter than the exterior casing, is placed in the
boring. The riser pipe extends approximately 2 feet abave ground surface.
A filter pack is placed in the annular space around the well screen to a
minimum of 2 feet above the top of the screen. A minimum 2-foot-thick,
bentonite or cement/bentonite seal is placed above the filter pack. The
remaining height of the annular space between the inner well casing and
outer casing is grouted to the ground surface.

3.1.4.3 Clustered Wells

Well clusters consist of two or more wells, which may be a combination of
Type A or Type B wells, installed in proximity to one another but screened
at different depths. Telescoping wells may also be clustered. Well
cluster systems allow sampling of groundwater from different aquifers or
from different zones within the same aquifer. An example of a clustered
- well system is shown in Figure 3-3. Installation procedures for each com-
ponent of a well cluster are the same as for Type A wells or Type B wells.
Screened sections of deep wells of clusters are commonly shorter than for
shallow wells (e.g. 2 to 5-foot versus 10-foot sections).

3.1.4.4 Nested Wells

Nested wells consist of multiple sampling point wells with several well
casings installed in a single borehole. They allow sampling groundwater
from two or more different zones or aquifers using one borehole. Each well
is screened at a different depth and seals are attempted above and below
- each well screen. This technique significantly increases the potential for
cross contamination and seal leakage. Nested wells are not recommended for
use.

3.2 Piezometer Installation

3.2.1 Purpose

Piezometers are generally small diameter pipes and/or tubing that are
designed to allow measurement of piezometric pressures. The purpose of
this section is to describe typical piezometers which may be used at haz-
ardous waste sites.

3.2.2 General Considerations

State or other governmental agencies may require piezometer installations
to meet certain specifications other than those provided below and they may
require installation by drillers who are Tlicensed and/or certified. These
agencies should be contacted in advance of piezometer installation to
ensure that proper piezometer materials are obtained and piezometer
installation procedures meet the specifications.
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To ensure quality control and obtain necessary information, a WCC geologist
or engineer should be on site during the drilling process to log subsurface
conditions, obtain samples, and other information for each piezometer.
Determinations of the depth of the piezometer, depth and length of the
screened portion and areas to be sealed off are dependent in part upon
geologic and hydrogeologic conditions at the site.

3.2.3 Design and Installation of Piezometers

3.2.3.1 Standpipe Piezometers

A standpipe piezometer design is very similar to that of a Type A moni-
toring well. A typical standpipe piezometer design is illustrated in
Figure 3-4. Typically piezometers are smaller in diameter than monitoring
~wells {commonly 1 to 2 inches) and because no samples are collected, less
rigid quality assurance specifications are required for materials and
procedures. A common procedure is to backfill a portion of the the boring
- annulus with cuttings, instead of grouting, at a substantial savings in
cost.

Standpipe piezometers are commonly constructed with PVC pipe but galvanized
or stainless steel pipe can also be used. The size of the piezometer may
commonly vary from 1/2 to 4 inches in diameter. The screened section of
the piezometer consists of commercial screen or, more commonly, slotted
well casing. The piezometer riser pipe consists of non-slotted well casing
which extends approximately 2 feet above the ground surface. As with moni-
toring wells, piezometers should be assembled on site so that a thorough
inspection of joints and materials can be made immediately prior to instal-
lation.

A sand and/or gravel filter pack is placed in the annulus around the
slotted section of pipe and should extend at least 2 feet above the top of
the slotted section. A seal is placed above the filter pack and the
annulus grouted or backfilled with tamped clay or auger cuttings. A sur-
face seal of cement or cement/bentonite grout should be installed in the
upper 5 feet of annular space to limit surface water infiltration into the
piezometer. Design criteria and installation methods for the filter pack,
seal and grouting are the same as those for Type A wells. The elevation of
the top of the standpipe piezometer should be surveyed and recorded to
allow determination of the groundwater elevation.

Development of the piezometer may be necessary if a bentonite drilling mud
was used or if large amounts of fines entered the well at the completion of
drilling. Refer to Section 3.3 for a description of development
procedures. '
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3.2.3.2 Closed-System Piezometers ‘

Closed-system or Tlow displacement piezometers may be fabricated or are
available prefabricated to be installed in a water-bearing unit to deter-
mine the piezometric pressure at that point. Many types and designs of
closed-system piezometers are available. The units should be carefully
selected to be compatible with their intended use.

3.3 Well Development

3.3.1 Purpose

The purpose of this section is to provide procedures for developing moni-
toring wells. During the drilling process the side of the borehole may
become smeared with clays or other fine sediments. This plugging action
substantially reduces the permeability of the aquifer in the zone of the
boring and retards the movement of water into the well. In addition, sedi-
ment may enter the filter pack or clog the well screen slots during instal-
lation of the well materials. '

Well development is the process of flushing the aquifer interface with the
well and cleaning the filter pack and the well or piezometer screen slots
to permit groundwater to flow into the monitoring well. Development is
required: (1) to restore the natural permeability of the formation
adjacent to the borehole, (2) to remove clay, silt and other fines from the
filter pack and well screen so that subsequent water samples will not be
abnormally turbid or contain undue suspended matter, and (3) to remove
remnant drilling fluids from the well, filter pack and aquifer and con-
taminants introduced during the time of drilling.

3.3.2 Methods of Developing Wells

The development process is best accomplished by causing the natural forma-
tion water collected inside the well screen to be moved vigorously in and
out through the screen in order to agitate the clay and silt and move these
fines into the well where they can be removed. Use of water other than the
natural formation water is not recommended due to the possibility of con-
tributing contaminant or atypical water quality to the groundwater. Any
equipment used for well development must be thoroughly cleaned before use
to prevent possible contamination of the well. The following procedures
are available for developing monitoring wells.

3.3.2.1 Surge Block

A surge block is a round plunger with pliable edges (constructed of a
material such as rubber belting) that will not catch on the well screen.
Moving the surge block forcefully up and down inside the well screen causes
the water to surge in and out through the screen accompliishing the desired
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cleaning action. Close monitoring of the ‘amount of pressure generated must
be made to prevent cracking of the well casing or screen,

3.3.2.2 Air Lift

The air 1ift method involves pumping compressed air down a pipe p1aced in-
side the well casing. Due to its inert characteristic, nitrogen is the
preferred gas for air lifting. The use of standard air for well develop-
ment may affect groundwater quality. Pressure applied intermittently and
for short periods causes the water to surge up and down inside the casing.
Once the desired washing is accomplished, continuously applied air pressure
is used to blow water and suspended sediments upward out of the well.

Considerable care must be exercised to avoid injecting air directly through
the well screen. Air can become trapped in the formation outside the well
screen and affect subsequent chemical analyses of water samples and hy-
draulic conductivity measurements. The bottom of the air pipe should not
be placed below the top of the screened section of casing.

Another restriction on the use of air is the submergence factor. Submerg-
ence is defined as the height of the water column above the bottom of the
air pipe (in feet) divided by the total length of the air pipe. To result
in efficient air 1ift operation, the submergence should be at least 20 per-
cent. This may be difficult to achieve in shallow mon1tor1ng wells or
wells which contain small volumes of water.

3.3.2.3 Bailer and Pumping

A bailer which is heavy enough to sink rapidly through the water can be
raised and lowered through the water column to produce an agitating action
that is similar to that caused by a surge block. The bailer, however, has
the added capability of removing turbid water and fines each time it is
brought to the surface. Bailers can be custom-made and can be hand oper-
ated in shallow wells. As with surge blocks, it is possible to produce
pressure great enough to crack PVC casing. Bailers are the simplest and
least costly method of developing a well. (Refer to Technical Memorandum
No. 5 for information about well bailer design.)

Pumping can be used effectively in wells where recharge is rapid. The type
and size of the pump used is contingent upon the well design.

3.4 Methods and Equipment Used for Advancing Borings

3.4.1 Purpose .

Most borings utilized in hazardous waste remedial investigations are ad-
vanced by only a few of the wide range of drilling methods available for
standard water resources and geotechnical projects. There are two main
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reasons for this. First, it is important to maintain control of the bore-
hole verticality and stability. Second, and most important, it is neces-
sary to prevent spreading contamination or altering subsurface conditions
during the drilling process.

The purpose of this section is to review the drilling methods and equipment
which are routinely used in hazardous waste remedial investigations for
collecting subsurface soil samples and installing monitoring wells for
groundwater sampling and flow assessment. The methods discussed below con-
sist of two main types: those which use a drilling fluid (e.g. mud or or
compressed air) to remove cuttings, and those which use none.

Of the former type, some methods such as the cable tool method and jet or
wash drilling are not discussed because these are not currently used during
.remedial investigations at uncontrolled hazardous waste sites. Of the
latter type, only power-augering methods are discussed. Hand augers may be
used to reach subsurface material for sampling in waste piles inaccessible
' to large power drilling machinery. Refer to Technical Memorandum No. 7 for
further information about methods of sampling hazardous waste. The use of
borings and the methods employed for sampling soil and rock from the sub-
surface are discussed in Technical Memorandum No. 6.

A Tist of references is provided witﬁ this memorandum which describes the
methods presented herein, and many others, in more detail. The reader is
urged to review them if a step-by-step description is desired.

3.4.2 General Considerations ‘

Drilling boreholes in the subsurface is an integral part of most remedial
investigations of soil and groundwater contamination. Information from
boreholes is generally used to: (1) provide geological data on subsurface
conditions; namely, stratigraphy, occurrence of groundwater, and depth to
bedrock, (2) obtain representative disturbed or undisturbed samples for
jdentification and laboratory testing, (3) provide holes for geophysical
logging and downhole hydraulic testing, and (4) install piezometers and
monitoring wells. Because the cost of drilling holes for remedial investi-
gations is higher than normal due to the need to decontaminate the equip-
ment as well as the potential risks to health and safety associated with
contaminants, the objectives and design of each boring should be carefully
planned in advance. If drill holes can successfully achieve multiple ob-
jectives without reducing the quality of the desired formation, then
drilling should be designed for a specific purpose, and it's rare for one
design to meet multiple objectives. The objectives/planning/design part is
critical and should be emphasized here.

Before drilling can begin, several steps must be taken. These steps usu-
ally are contained in an approved Field Sampling Plan (Technical Memorandum
No. 1) depending on project requirements. First, permits must be obtained
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from the appropriate State agency or agencies. There is a fee for permits,
and drilling subcontractors usually include this as part of their fee.
Second, the appropriate State (and sometimes Federal) authorities, must be
notified (verbally or in writing) in advance of the date that drilling is
scheduled to begin. Third, the property owners must provide right-of-entry
access. This permission should be documented in writing. Fourth, buried
utilities must be checked at all planned drilling locations. For reasons
of safety and 1iability, no drill hole should be advanced if this step has
not been completed. Fifth, an approved Health and Safety Plan must be in
effect and its provisions adhered to for protection of the field crew.
Sixth, provisions for disposal of all cuttings and discharge water must be
made in accordance with regulations. Permits may be required. Lastly, a
boring inspector; namely, a qualified field geologist or engineer, must be
present (on-site) during drilling.

It should be recognized that many factors must be considered when deciding
which drilling methods are most appropriate at a site under specific condi-
tions. The factors which are related to remedial investigation concerns
for the drilling methods described below are summarized in Table 3-1.
Advantages and disadvantages of each technique are identified below.

3.4.3 Auger Drilling

3.4.3.1 Solid-stem Auger

Auger flights consist of spiral flanges welded to a pipe with‘cutting teeth
on the bottom end. A solid-stem auger may consist of either a single
flight or multiple sections known as continuous flights; hence, the term

" continuous-flight auger (CFA). Single-flight augers are commonly of large

diameter (14 to 24 idinches). CFA's produce smaller hole diameters (see
Table 3-1), because they are designed to drill to greater depth in stable
overburden formations than a single-flight auger. Drill rigs turn the
auger sections using a rotary drive head mounted on a hydraulic-feed mech-

anism that pushes the auger flight string down or pulls it back. As the

borehole is advanced, the cuttings are brought to the top of the hole by
the flights which act as a screw conveyor. lLarge obstructions (boulders or
buried debris) and bedrock typically result in "refusal", i.e., an end to
borehole advancement using augers.

There are several advantages of CFA boreholes. First, the auger method is
rapid in most unconsolidated, fine- to medium-grained geologic materials.
Second, drilling fluids are not used to remove cuttings and, therefore, the
jn-situ chemical conditions of the borehole are not degraded further either
by diluting contaminants with added water or contributing suspended solids
from drilling muds used to stabilize the borehole walls in soft ground.
Third, auger flights are easily cleaned and decontaminated (see Technical
Memorandum No. 11). Also, although cuttings may be subject to disposal
regulations, the volume of cuttings is much less than other methods.
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There are also some significant disadvantages. First, casing is not used
to stabilize the hole. Thus, there is a significant potential for borehole
cave-in when the flights are removed for sampling, especially below the
water table. Even without cave-in occurrences, withdrawal of the flights
leaves an open hole which may result in sample and formation cross-contami-
nation. Drilling may also cause an increase of hazardous particulates
and/or vapors in the air near the borehole. Air quality monitoring may be

required during drilling, and dermal and respiratory protection may be
needed.

3.4.3.2 Hollow-stem Auger

‘The flanges of a hollow-stem auger (HSA) are welded onto a larger diameter
pipe than the CFA. The flights are linked together such that the stem is
hollow throughout the drill string. The cutting bit has a center plug
which prevents loose soil from entering the stem. Thus, with the plug re-
moved, a split-spoon sampling device may be lowered inside the drill string
~and driven ahead of the cutting bit for an in-situ sample as required. The
HSA string, therefore, serves as a form of casing because it does not have
to be withdrawn each time a sample is collected. Table 3-1 summarizes
important factors to consider when planning to use the HSA.

Some of the advantages of using the CFA apply to HSA also, such as drilling
without a fluid to remove cuttings, rapid drill rate, and ease of cleaning.
Additional advantages include the characteristic of auger flights serving
as casing. This means that piezometers and monitoring wells can be con-
structed by raising the flights as needed. One can obtain more accurate
samples because the flights do not have to be removed. Drilling rate is
even better than CFA because the drill string remains in the hole until
it's completed.

Cleaning and decontamination require more time than the CFA due to the
interior surfaces present. But this consideration is minor. Drilling
below the water table, especially in fluid soils such as supersaturated or
"running" sands, may be difficult if the head in the stem is less than the
head in the formation. The result is the inflow of groundwater and sedi-
ment around the cutting bit and center plug. If water is used in the stem
to equalize the pressure, it must be potable. It may be necessary to have
the drilling water analyzed to assure its quality.

3.4.4 Rotary Drilling Methods

3.4.4.1 Water-based Rotary Methods

Boreholes drilled by the direct rotary method use a drill rig that rotates
a bit, while continuously circulating a drilling fluid down through the
drill stem and out through ports in the bit to remove cuttings as the bit
penetrates the formation. The cuttings flow upward between the drill stem
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and the borehole wall (or casing) into a settling tub from which clean
fluid (minus cuttings) is re-circulated for drilling. Different types of
bits are used depending on the strength and resistance of materials being
drilled. Stabilizers, i.e. sleeves with guides fixed to the drill string,
keep the assembly centered in the hole as drilling progresses. They are
especially necessary for relatively deep (long) boreholes. Tabel 3-1 sum-
marizes factors to be considered for use of this method.

When drilling deep holes in loose, unconsolidated geological formations,
the rotary method using water and/or drilling mud may be more effective
technically and economically than using a hollow-stem auger. Penetration
rates are relatively high. Minimal casing is required during the drilling
operation. In shallow overburden, casing may be set and clean water used
as the drilling fluid. In deeper overburden, a special-purpose mud mixture
or water with clay additive (bentonite slurry) is used. The drilling mud
helps to remove cuttings; supports and stabilizes the borehole wall to pre-
vent caving; cools, cleans and lubricates the drill bit, drill string, and
mud pump system; and seals the borehole wall to reduce loss of drilling
fluid. The latter characteristic together with the chemical nature of the
fluid is a primary complicating factor in evaluating the chemical analysis
results of soils and groundwater samples and evaluating in-situ aquifer
tests results (see Technical Memorandum No. 8). (It should also be noted
that certain drilling grease or "dope" used to lubricate threaded joints
should not be used because it contains organic compounds that invalidate
chemical analysis of groundwater samples.)

When it is necessary to drill into the bedrock, rotary drilling using clean -
water is standard. Samples may be collected as rock cores or as cuttings
depending on the bit used to advance the hole. Procedures for coring are
discussed in Technical Memorandum No. 6. The principal concern is, again,
prevention of cross-contamination between the shallow overburden ground-
water, if present, and deeper water bearing zones or layers in the bedrock.
Drilling an open hole increases the chances of intraformational cross-con-
tamination. Commonly, it is helpful, and sometimes required, that prior to
penetrating the bedrock, a large-diameter hole must be drilled to the bed-
rock surface, and casing must be grouted into the upper 1 to 2 feet of rock
to seal the shallow groundwater system from the bedrock system during
drilling. When the boring in the bedrock is terminated, individual water-
bearing zones or layers (aquifers) may be monitored using the techniques of
bedrock monitoring well installation described in Technical Memorandum No.

The source of drilling water must be clean, and may need to be analyzed in
advance. Discharge water and disposal of cuttings may be subject to per-
mitting and disposal regulation. Dermal and respiratory protection may be
required during drilling, and the field crew should be prepared accord-
ingly. Mud is advantageous in that it reduces the respiratory hazard com-
pared to augering. Decontamination of interior surfaces of the drill stem,
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bit and mud system may be difficult and will require extra time for ade-
quate decontamination.

3.4.4.2 Air-based Rotary Methods

With the air rotary drilling method, borehole advancement is accomplished
by rotating a tricone bit. Drill cuttings are removed by injecting com-
pressed air through the rotating drilling rods which forces the cut:ings
through jets or ports on the drill bit at the bottom of the hole. The air
forces the cuttings and any water yielded by the formation, up the annular
space between the rods and the borehole wall (or casing) to the surface.
Adding small amounts of water to air creates an air-mist system. Misting
helps reduce dust and breaks down mud collars forming on the drill rods.
Air drilling is extremely effective in drilling hard, stable formations
such as crystalline rock and certain coarse-grained and bouldery deposits
such as glacial till, outwash, and alluvium. Air reduces lost circulation
in fractured and highly porous rock. The principal problem encountered is
usually insufficient air supply to attain a velocity that will remove cut-
tings from the hole. This is essentially related to the depth of the hole,
but may be related to erosion of the borehole wall. Also, if a small quan-
tity of formation water seeps into the hole, mud cakes or collars can form
which affect the air pressure in the hole. Additional problems are related
to the risk of health and safety of the field crew. It will be necessary
to direct the air/water/soil cuttings stream away from the drill hole
collar area. This may require certain specialized modifications to stan-
dard equipment that is commercially available.

Factors to consider for air-based rotary methods are summarized in Table 3-
1. The air rotary method provides a relatively good drilling rate. Well
completion with this method allows good quality control of gravel pack and
seal placement. It is relatively cost effective, and can be employed for
deep wells. Also, no foreign liquids are introduced into the hydrologic
system.

There are, however, several key disadvantages of this method for remedial
investigations. The air flow may dilute or evaporate volatile organic com-
pounds in the groundwater, thus invalidating the sample analysis. Also,
the air filtration method of the air compressor may compromise groundwater
quality if oil is used in the compression mechanism. It is difficult to
produce accurate boring logs from the cuttings. Because of the high volume
of air, fines are washed away before samples can be collected. Zones which
yield small amounts of water are often missed, whereas leakage from more
highly productive zones around the casing shoe due to air pressure can lead
one to identify a water-bearing zone where there is none. Casing sizes are
also limited.

The use of foam (air/water/surfactants) is not possible as part of remedial

investigations due to the chemical nature of the foam.
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HAZARDOUS WASTE MANAGEMENT PRACTICE

TECHNICAL MEMORANDUM NO. 4
AIR QUALITY MONITORING AND SAMPLING

4.0 Purpose

The purpose of this document is to provide guidance on equipment and
methods for identifying air quality conditions that may be detrimental to:
(1) the health of personnel engaged in investigations of chemical waste
disposal sites and spills, and (2) to the public. Guidance provided in
this document supplements that provided in WCC's Health and Safety Manual
and is intended for use by individuals with at least a basic knowledge of
methods for air quality sampling and analysis. The fundamentals of gas
flow and volume measurement and pressure/temperature corrections are essen-
tial.

A wide variety of methods and equipment have been developed for sampling
and analyzing air to determine its hazard to health. This document focuses
on methods and equipment that either have wide application or are currently
used by WCC. As the need arises to use other methods and equipment, this
document may be expanded.

During investigations of chemical waste disposal sites or spills, air
quality measurements should be performed whenever there is a possibility of
encountering health threatening air quality conditions. In most cases, the
need to measure air quality will be prompted by suspicion of the presence
of hazardous airborne chemicals. In some cases, the need will be prompted
by the possibility that oxygen deficient conditions exist.

If there are any questions and/or a peer review of program plans is
desired, you are encouraged to contact one of the WCC offices listed in
Appendix D.

4.1 Measuring Methods and Equipment

4.1.1 Methods

Measuring air quality entails identifying and quantifying chemical sub-
stances in air. A variety of methods have been developed to measure air
quality. Basically, these methods can be classified as direct and indi-
rect.

Direct methods analyze air without sample pretreatment and provide informa-
tion almost immediately. They should be used whenever rapid assessments
are needed. They are especially useful for determining the presence of
hazardous airborne chemicals during field and laboratory operations. These
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operations include work near spill or disposal sites where volatile chem-
jcals are exposed to the atmosphere, installing observation/sampling wells
and other borings, excavations, inspection and sampling of drums and other
relatively small containers, confined space entry, opening of sealed sample
containers, and laboratory testing of samples. Direct methods are also
useful in conducting preliminary on-site air quality surveys for the pur-
pose of designing and fine-tuning health and safety programs and more
detailed air quality monitoring programs.

A variety of electronic instruments and other devices have been developed
for direct measurement of air quality. All are designed for the on-the-
spot measurements. Some are highly sophisticated; however, compared with
instruments used in well-equipped analytical chemistry laboratories, direct
measuring instruments and devices are usually less sensitive, have poorer
resolving power, and are limited in the number and kinds of chemicals that
they can detect.

‘Direct measuring equipment is available for both chemical detection without
quantification, and for detection, identification and quantification. All
are best used for detecting and/or quantifying known or suspected chemical
substances. Although portable gas chromatographs, infrared spectrophotome-
ters, and other instruments with chemical identifying capabilities can be
used for identifying unknown chemicals, use of such instruments in the
field for identification purposes is difficult and not generally recom-
mended.

The indirect methods entail collecting air samples for subsequent labora-
tory analysis. They should be used whenever accurate identification and
quantification of airborne chemicals are desired. In most cases, the sam-
ples do not comprise air per se, but sorbents or filters that remove and
concentrate air contaminants upon exposure to air. Because considerable
time can be involved in collecting samples and considerable time is always
involved in analysis of the samples, indirect methods are best used where
immediate knowledge of air quality conditions is not critical.

Indirect methods are recommended for determining air quality at chemical
disposal or spill sites prior to commencement of field work, especially
where there is a question about the kinds of airborne chemicals present.
Samples collected should be analyzed to identify the chemicals they contain
and the concentration of each chemical. The method is also recommended for
obtaining information on personnel and public exposure after work com-
mences.

4.1.2 Equipment

4.1.2.1 Direct Measurement

Appendices A and B list many of the instruments available for purchase or
rent to perform direct air quality measurements. Information on the kinds
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of chemicals the instruments are capable of measuring, ranges of detection,
principle of operation, and manufacturer are also provided.

Two general kinds of instruments are listed. Dynamic measuring instruments
are equipped with pumps that pull air through the detector mechanism.
Results are derived from meter readings and/or strip chart recordings.
Passive measuring instruments rely on air diffusing into the detector mech-
anism. Both types of ins:ruments usually require calibration before use.
Individuals responsible for operating any of these instruments should read
the operating instruction manuals and become thoroughly familiar with the
operation of the instruments through training and practice before using
them in the field or laboratory.

Portable direct measurement instruments (DOMI's) are very useful for de-
tecting and quantifying airborne organic vapors and gases. Chemical anal-
ysis is usually via flame ionization, photoionization or thermal conductiv-
ity.

The OVA manufactured by Foxboro is one such DMI. The OVA can be operated
in the total vapor mode or in the gas chromatographic mode. In the total
vapor mode, the OVA can be used to determine total concentration of organic
compounds in air or the concentrations of specific organic compounds. Con-
centrations are expressed in parts per million. When the instrument is
used in the total vapor mode to determine the concentration of a specific
compound, the instrument should be calibrated with the compound of concern.
For general applications, methane is used for calibrations, resulting in
readings in units of ppm (methane equivalent). A strip chart recorder,
which can be purchased with the OVA can be very useful for documenting mea-
- surements.

In the gas chromatographic mode, the OVA with a flame ionization detector
can be used to identify, as well as approximately quantify, organic vapors
and gases when found in relatively high concentrations. A chromatographic
column and a strip chart recorder, as well as an operator who has experi-
ence with gas chromatography, are required. For each detectable organic
compound in an air sample, a peak is produced on the chart if the proper
column is used. Identification of the compounds that produced the peaks
requires using the instrument to analyze known amounts of each compound
suspected of producing the peaks. These reference compounds must be of
high purity. Identification of the compounds associated with each peak is
accomplished by matching retention times (i.e., time to peak formation) of
the reference compounds with those of the peaks produced by the sample.
Quantification is achieved by comparing peak heights or areas of matched
peaks. Unless one has a fairly .good idea of the chemicals present in the
samples, identification and quantification can be extremely difficult. The
chromatographic column-equipped OVA is a crude chromatographic device. It
can be very useful in certain situations, but has significant limitations
that should be considered during sampling program design.
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Portable DMI's such as those manufactured by HNU Systems, Inc. use photo-.
jonization to determine the total concentration of organic and inorganic
compounds in air, or the concentrations of specific compounds with the ex-
ception of methane. Methane cannot be detected by the HNU instrument.
Concentrations are expressed in parts per million in benzene equivalents.

As in flame ijonization, when the instrument is used to determine the con-
centration of a specific compound, the instrument should be calibrated with

the compound of concern. If methane is of concern at a given site, an
additional instrument, such as a combusion meter, is required to measure

the Lower Explosive Limit (LEL).

There are other instruments on the market, such as the Bacharak TLV, that
can be used as a DMI at hazardous waste facilities. There is no one
instrument that covers all situations. Application of any of these DMI's
should be evaluated by the Site Safety Officer in consultation with the
Business Unit Health and Safety Officer to make sure that the appropriate
instrument is used.

It is important to understand that each DMI's sensitivity varies for dif-
ferent compounds. One compound may be able to produce readings 1,000 times
higher than the same concentration of a different compound. This is why it
is imperative that DMI's be calibrated with the compound of concern before
use.

tric detector tube. A colorimetric detector tube contains a chemical that
changes color when it comes in contact with another chemical. Color
development along the length of the tube increases as the concentration of
the chemical being measured increases. The concentration of the chemical
being measured is determined using a calibration that is provided when the
tube is purchased. These devices are useful only in the temperature ranges
specified by the manufacturers. At low temperatures a device may be inef-
fective.

A direct measuring device not listed in Appendices A or B is the co]orime-‘

Colorimetric detector tube kits are available from several manufacturers.
The basic kit comprises a hand-operated pump and an instruction manual.
Detector tubes are available as separate items and are selected according
to the chemical to be measured. Results can be obtained in a few minutes;
however, they may not be reliable if the concentration of the chemical
being measured is low. Colorimetric detector tubes are useful in situa-
tions where relatively high chemical concentrations are expected and the
chemicals have been identified. Appendix C lists detector tubes available
from four manufacturers for detecting specific compounds.

4.1.2.2 Indirect Measurements

This section addresses sampling equipment only. Sampling methods and
equipment should always be discussed and agreed upon with the laboratory to

obtain best results. A a 39 3 6 8’ 5
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Air samples may be collected by collecting a known volume of air per se or
by passing -a known volume of air through a suitable sorbent or filter that
will remove the chemical substances of interest from the air.

Samples of air per se are considered grab samples. Such samples may be
collected by pumping air into specially designed bags of known volume, by
drawing air into a gas-tight syringe or evacuated container. Because the
volume of air that can be practically collected is relatively small, grab
sampling is best used when high air contaminant levels are expected, such
as in waste drums and containers. The vessel material, whether bag,
syringe or container must be carefully chosen and clieaned so as not to
introduce interference. Negative interferences can include reaction with
the vessel surface, and adsorption or permeation into or through the vessel
walls. Positive interferences can be caused by reactions, vessel contami-
nation during prior use, or during manufacture.

Sampling by sorption or filtration is performed dynamically (with a pump)
or passively (without a pump). The dynamic technique entails drawing air
through a sorbing/filtering material at a known rate for a known period of
time. The passive technique relies on diffusion. Dynamic sampling has an
advantage over grab sampling in that the volume of air that can be sampled
is limited only by the sorbing/filtering capacity of the sorbent/filter
used. The dynamic sampling technique can .be used for area as well as per-
sonnel monitoring.

In dynamic sorption sampling, care must be exercised in choosing a sorbent

appropriate to the materials of interest. A wide variety of sorbents are
available. Two general purpose solid sorbents are activated carbon and

silica gel. Both are relatively effective sorbents for organic vapors and

gases and are widely used. Both sorbents can be purchased packed in ready
to use tubes or containers. It is especially important to consult with the

laboratory selected for analysis before deciding on the sorbent. Often the

laboratory can provide sorbent tubes. Widely used filter materials include

cellulose ester, glass fiber, polyvinyl chloride, and silver membrane.

Filters are generally used to sample chemicals in particulate form and

chemicals sorbed to particulate matter. Certain filters will sorb non-

particulates. Filters are used to collect particulate matter (e.g.

asbestos and PCB's). The filter material must be selected to be compatible

with the sampling apparatus and the analytical technique to be used. A
wide var1ety of filters is ava11ab1e.

A variety of hand and electrically operated pumps are avai]able on the
market for dynamic sampling. Electrically operated pumps are powered by
battery or regular house current, and some are equipped with flow meters
and/or timers that automatically shut the pump off at a time set by the
operator. Pumps that draw air through the filter or sorbent are almost
always preferred because pumps themselves can interfer with sample collec-
tion when placed upstream of the collection medium. This is unavoidable
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with most grab sampling methods involving bags; care should be taken when.
selecting a pump for such applications.

There are a variety of passive samplers with different principles of opera-
tion and application. One type, which is used for personnel monitoring is
called a personnel monitoring badge, designed to be attached to a person's
clothing. The badge comprises a disc coated with finely ground activated
carbon enclosed in a specially designed protective casing. Organic chemi-
cals in the air are sorbed on the carbon by diffusion. When badges from
several manufacturers were evaluated by an independent firm, the results
indicated that the carbon used in the badges was contaminated with various
organic compounds. Therefore, an unused badge should be included in each
"group of badges submitted for chemical analysis.

4.2 Procedures

4.2.1 Site Surveys

An air quality survey may be conducted prior to the initiation of activi-
ties at a site. Site surveys may employ the use of a meteorological sta-
tion, OVA total vapor concentration scan, oxygen or combustible gas meters,
sorbent tube sampling, and other equipment which may be identified in the
site safety or sampling plans. Examples .for a checklist of equipment and a
checklist of procedures are presented in Figures 4-1 and 4-2, respectively.

The OVA is commonly used to perform a site screening in which total orgam’c‘
vapor concentration of the air is measured during a walk-around of the
site. Measurements are recorded on a site map. Enclosed areas might also

be monitored using combustible gas meters or oxygen meters.

For accurate identification and quantification of airborne chemicals, air
samples should be collected using appropriate sample collecting systems at
carefully selected locations on a site. Short-term (a few hours) and long-
term (8 to 24 hours) sampling times should be considered (see
Section 4.2.2).

Air quality surveys may be conducted periodically if the site is substan-
tially disturbed during the field investigation or remedial work; a final
air quality survey may be performed following completion of site work to
detect any change in ambient air quality resulting from the investigation
procedures or remedial work.

4.2.2 Air Sampling

Locations for obtaining air samples should be selected based upon data col-
lected during the site survey; places where elevated OVA readings or com-
bustible gases are detected are logical points for air sampling. In the
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absence of any detectable concentrations of ‘vapors or gases, samples should
be taken in a manner that will adequately cover the areas where potential
air quality problems may arise. Locations downwind and adjacent to storage
tanks or ponds, lagoons, pits or other waste facilities are prime targets
for air quality sampling. Of course, sensitive receptors (e.g. nearby
homes, offices, schools) are also candidates for sampling sites when local
population exposure is of concern. Upwind samples are also useful as con-
trols to measure background concentrations.

If weather conditions are likely to affect contaminant volatilization (such
as heavy rainfall or very hot or cold temperatures), additional air samples
may be taken to ascertain the magnitude of weather effect on air quality.

Air sampling is accomplished primarily by using sorbent tubes and sampling
pumps; monitor badges are an alternative. The OVA equipped with a GC, strip
chart option, may be used to obtain hard copy plots for analysis of
compounds. Technical training and experience are required to interpret
these graphs accurately; such an effort is likely to be time consuming if
more than a few compounds are being sought. Laboratories can often provide
turn around times of a few days on sorbent tube samples.

4,2.3 Occupafional Monitoring

4,2.3.1 Identification of Hazardous Conditions

Air samples should be collected or air quality monitoring performed at any
site activity that disturbs the environment or brings personnel into prox-
imity with potential contaminant sources (drilling and sampling procedures
are examples). The frequency of air monitoring and sampling and the pro-
cedures to be used should be specified in the site safety plan.

4.2.3.2 Worker Exposure

Worker exposure is most easily monitored by the use of monitor badges
(described in a preceding section); personnel sampling pumps and sorbent
tubes and/or particulate filters may alternately be used. Personnel sam-
pling pumps are equipped with a clip so that the unit can be worn on a
worker's belt. An intake tube with a sorbent is placed in-line to the pump
and fastened to the clothing with the intake opening placed near the
worker's face. These pumps are capable of operating continuously for about
six to eight hours and their batteries may be recharged with the charging
unit provided. Sorbent tubes or badges may be submitted for immediate
analysis or refrigerated for later analysis. Generally, the quantity of
samples collected during personnel monitoring will prohibit analysis of the
entire set due to budget constraints. Randomly selected samples may be
analyzed as a safety precaution. Additional samples may need to be ana-
lyzed if randomly selected samples indicate high concentrations. Badges or
tubes worn at times when high DMI readings were detected {(or odors
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reported) should be analyzed to evaluate personnel exposure to potentially
high levels of inorganic or organic vapors. Other samples should be held
until the conclusion of the project in case a worker experiences an illness
or some other situation prompts the need for analysis of a particular
sample.

4.2.4 DMI Monitoring

The DMI may be used to obtain direct readings of total inorganic and
organic vapor concentrations. Measurements may be made in the general work
area at the potential source of contaminants (such as borehole openings)
and both downwind and upwind of the activity.

Prior to the initiation of drilling, the wind direction and approximate
wind speed should be determined at the drilling location. This determina-
tion can typically be made by securing lengths of surveyor's plastic ribbon
to the drill rig boom or by attaching lengths of surveyor's plastic ribbon
to a separate pole. Based on the determination of wind direction, the
drill rig should be appropriately located to allow the majority of work to
be conducted upwind of the drilling location. In addition, the wind direc-
tion indicators should be checked during the drilling process. If the wind
direction does change substantially during the drilling process, additional
efforts may be necessary to monitor the concentration of inorganic and
organic vapors in the ambient air in the work space, if work would then be
conducted downwind of the drilling location.

The operation of the DMI during drilling is dependent upon the type of’
~drilling being conducted. Different procedures will be utilized for air
quality monitoring in the area of the air rotary rig and the auger rigs.

4,2.4.1 Air Rotary Rigs

Recommended procedures for air monitoring in the area of the air rotary
drilling rigs are as follows. DMI readings should be obtained from the air
discharge of the air rotary rig as the drill bit advances each 10 feet.
Caution should be exercised to prevent sampling too close to the discharge
area to prevent the lodging of soil particles or water droplets into the
entrance port of the DMI. The entrance port may be oriented downwind from
the discharge. The DMI may be damaged if particles are allowed to enter
into the combustion chamber. In addition, care should be exercised to
1imit DMI readings in the air discharge due to high concentrations of water
vapor in the discharge stream. This excessive moisture may accumulate in
the air sample collection tube and in the internal portions of the DMI
resulting in freezing during cold weather conditions. If increased organic
vapor concentrations are detected in the air discharge stream of the air
rotary rig, DMI readings should be obtained for the ambient air of the gen-
eral working area. DMI readings may be obtained from the open borehole
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and/or drill cuttings when the.drill rig js shut down or off location.
Additionally, the ambient background concentration of vapors should be con-
firmed to ensure that a positive electronic drift in the instrument is not
occurring and that the increased vapor concentration is not resulting from
work being conducted upwind of the drilling location. If any individual
detects the presence of an organic vapor, DMI readings should also be taken
in the ambient air of the work space and at potential source locations.

After use, the pneumatic lines of the DMI should be inspected for contami-
nation and cleaned, if necessary.

4.2.4.2 Auger Rigs

The operation of the DMI in the area of the auger drilling rig is slightly
different from the air rotary rig since the auger drilling rig does not
produce large volumes of air during the drilling process. It is antici-
pated that vapors which arise from the drilling process will result from
-volatilization of compounds contained in the auger cuttings or from an open
borehole when drilling is completed. For this reason, DMI readings should
be obtained in the cuttings spoil area at least once for every 20 feet of
drilling. To assess whether auger cuttings have the potential to produce
substantial vapor concentrations, auger cuttings may be collected and
sealed in a plastic bag, box, or glass jar to allow volatile compounds to
accumulate in the entrapped air. A DMI reading can then be taken from this
entrapped air. Additional DMI readings should also be taken in the ambient
air as described in the air monitoring procedures provided above for the
Air Rotary Drilling Rigs if an organic vapor source is detected in the
bore-hole, auger cuttings, or identified by field personnel. Concentra-
tions thus obtained will be higher than those present in the ambient air.
A dilution factor of 100 or more is generally applicable to such readings
in open spaces, e.g., if auger cuttings in the sealed box produce a reading
of 400 parts per million (ppm), the ambient air concentration of vapors
produced by these cuttings may be in the order of 4 ppm or less. This
"rule of thumb" is intended to be conservative. In most cases, dilution
will be greater, but is highly dependent on release rate, distance, and
weather. Dilution can be less in enclosed areas, where this approach is
not applicable. /

4.2.4.3 Data Interpretation

Depending upon the types of compounds detected during the site survey sam-
pling, upper limits of vapor concentrations for worker exposure may be
established. If a compound is present that has been assigned a NIOSH
Threshhold Limit Value (TLV - the maximum concentration to which a worker
can be continuously exposed over an eight-hour workday), that concentration
may be used as the limit of exposure above which respiratory protection is
mandated. In the absence of a TLV, a provisional maximum exposure limit
concentration must be chosen. The limit should be based on available data
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on the toxicity of the compound in question and chosen by the Business Unit
Health and Safety Officer or the Corporate Health and Safety Administrator.
In either case, the maximum exposure value is measured at ambient condi-
tions in the work area.

If the predetermined maximum allowable ambient level for vapors is ex-
ceeded, all work should be stopped, and personnel should be provided the
appropriate level of protection. I[f the ambient concentrations do not
change, personnel will continue to implement the appropriate safety equip-
ment. The site safety plan should be reevaulated under these conditions by

the Site Safety Officer and the Business Unit Health and Safety Officer
should be notified.

The DMI operator must use caution while monitoring the air quality because
of the necessity to closely approach potential sources of contamination:
levels near the source may be higher than ambient. Proper interpretation
© of the results of DMI monitoring is essential. Wind direction, effect of
exhaust from nearby vehicles or drilling rigs and changes in upwind ambient
conditions all must be considered when making air quality judgments. Also,
an elevated reading at the borehole opening or from auger cuttings does not
necessarily imply that the ambient air quality has deteriorated to the
* point at which additional safety precautions must be taken. Continued mon-
itoring of ambient air quality is of prime importance. Specific action
levels under prescribed conditions should be included in the site health
and safety plan, if possible.

A detailed log should be maintained for the use of the DMI at each drilling
location. This air monitoring log should include the name of the operator,
date, time of reading, depth of boring, wind direction and approximate
speed, general climatic conditions, all DMI readings, detections of odors
by personnel, and a summary of any other pertinent information such as
specific locations of measurements taken. This DMI log will serve as the
documentation of air quality during the drilling process and should be
maintained as completely as possible. Use of the OSHA form in Appendix D
is preferred over personal logbooks.

Other types of meters .may also be used if oxygen levels or the presence of
combustible gases are of concern, primarily for sampling in closed areas.

4.3 Personnel Training

Project managers are encouraged to seek peer review of air quality moni-
toring program plans by a professional with at least five years experience
in air and gas sampling and monitoring. Staff assigned to collect air and
soil gas samples using techniques described in this Technical Memorandum
must have appropriate training in the use and calibration of air sampling
and analytical (chemical) instrumentation. Such staff must be under the
supervision of and/or must have had appropriate prior training in air and
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soil gas sampling and analysis from an experienced professional. Assis-
tance with plan peer reviews and training can be obtained by calling the
manager of air quality or analytical chemistry services in any of the fol-
Towing Woodward-Clyde Offices! Denver, Santa Barbara, Walnut Creek, and

 Wayne.
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FIGURE 4-1
CHECKLIST OF EQUIPMENT

A. Equipment required for monitoring

1. Meteorological monitoring station (or source of weather data)

Suppliers:

2. OVA
Suppliers:

3. Combustible gas meter
Suppliers: .

4. Oxygen meter
Suppliers:

5. CH,, H,S or CO meters
Su3p1i rs:

B. Equipment required for air sampling
1. Gas detector tubes/sampling pumps

Compounds:

Suppliers:
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2. OVA
Suppliers:

3. Charcoal sorbent tubes/sampling pumps
Suppliers:

4. Organic vapor badges
Suppliers:

5. Particulate filters and sampling apparatus
Suppliers:
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FIGURE 4-2
CHECKLIST OF PROCEDURES

A. Procedures initiated prior to sampling/monitoring
1. Develop a site health and safety plan.
2. Determine the kinds of monitoring and/or sampling required.
3. Arrange for rental or purchase of necessary equipment.
4. Arrange for laboratory to analyze badges and/or sorbent tubes.
B. Procedures initiated at least one week prior to sampling/monitoring
1. Conduct training sessions on operation of equipment.
2. Make arrangements for shipment of equipment to the field.
C. Sampling/monitoring procedures

1. Conduct a site survey with the OVA to determine ambient air
quality.-

2 Select stations for sorbent devices for air sampling.

3. Conduct air sampling and ship samples for éna]yses.

4. Establish maximum allowable contaminant levels for ambient air,
5

. Conduct occupational monitoring with the OVA at the site of
drilling or sampling activities.

6. Assign personnel exposure monitoring devices to drill rig
personnel.

7. Store personnel monitoring samples properly and establish
criteria for selecting samples for analyses.

8. Maintain accurate, complete records of all OVA (or other) moni-
toring, air sampling and personnel exposure equipment use. Rec-
ords should include meteorological conditions (wind speed, wind
direction, termperature, pressure), equipment condition, equip-
ment calibration procedures and results. _
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Manufacturer or

Bacharach-J.W.*

Biomarine*’

Bendix’
Century*

Energetics
Science*

Gas Tech”

Imterscan Corp.*
IST*

MSA*

Neutronics'
Revision 1

APPENDIX A

INSTRUMENTS FOR DYNAMIC AIR QUALITY MEASUREMENTS

Model number
MV.2

“.
O.
L.
nv.-‘

GPK

Sentox 2°

”"i
%0t

GA-IC

OVA

$8and 98

Ecolyzer
21002800

Hipster 6000
series’ ¢

Hipster 6000
mm~ L

U—14
GV-J.' s

GP-204¢
XP-204*
1238

11401148
1260— 1249
11701175
L

QA

3;

&

§

20—40"

Gascope’
aatural gas

100+’

2%0

T7600°

8§7762¢

BZ/3007-AA’

3

danuary 1987

Dimensions L W x
Dem

b- AR SFRREIN

14.6x 7.6x11.1
14.6% 7.6x%it.1
i4.6x 7.6x1Lt
2.2x 9.5x16.8
146x 7.6x11.1
10.3x14x19

T 26.7%17.2%16.5

219x11.8x12.4
219 11.8x12.4
21 9x11.8x12.4

21.9x11.8x12.4
219x11.8%12.4
209x11.8x12.4

14.6n11.4n134
21.9229.5230.8
21.9%29.8x10.8
18.7x33.0%18.7

0.5x 9.5x140

15.2%17.8%25.4
15.2%x17.8%254
15.2217.8%25.4

9.5x13.6=14.0
9.5x%13.6=14.0
9.5%13.6x14.0
9.5x13.6n14.0
9.5x13.6x%14.0
18.2%10.2x 14.6

254x%17.8%9.8
19.1x33.7%8.6
17.2%10.5x14.6
17.2%10.5x 14.6

Weight

Kg
29

2.5
1.8
1.8
2.6
1.1
2.6

34

1.6
Lé
1.5

1.5
1.6
1.6

5.0
5.0
4.1
1.6

1.6

Gases of vapors detected

Combustidle + O,

co

_ co

HS

Combustible
Combustible
Combustible + O,

Combustible

Organic
Napors

cO

cO

H.S

Combustidie + O,
Combustible + O,
Combustible + O,

Combustible
O,
Hydrocarbons

co
SO,
H,S
Combustible ozygen

Explosimeter

H, + O, mixture
Acetylene

Leaded gasoline

S Gases L}

%/ Volume combustible

Combustihle
Combustible + O,

Range ppm Principle of operatic
0=0.2,0—=1.0mgm' UV absorption at
253.7 am
0= 100% gt Cat. combustion
-— Cat. combustion
0-=100% LEL Cat. combustion
0-10.000 Cat. combustion
0—25% Electrolytic
0-—-25% O, Combination electro
lytic and cat. com-
buestion
0~ 100% LEL Combination clectro
Iytic snd cat. com-
bustion
0= 100, 0— 500 Eflectrochemical oxik
0= 100, 0— 500 Pulsed operation
0-—20, 0100 Electrochemical oxic
dilfusion membran
0—100% LEL Pt ceramic bead
0--100" LEL Pt ceramic bead
O-—10n% LEL Electrochemicat
OendV% O‘
% LEL Cat oxid. Pt lilamer
§ = 100,000 Gas chr
1= 10,000 Flame i
0— 50, 0—4000 Electroc
0= 100, 0~ SO0 3 Electrode clectro-
chemical
0-~320 Orid.
j—100% LEL Hand operated
0—25% O, squeere buld
0—100% LEL Cut. oxid. Pt fHamen:
0-=25% O,
0-—100% LEL Electrachemicsl O,
0—25% O,
0-—100% LEL Cat. onid. Pt filament
0—25% Electrochemical
0==500 a3 toluene Cat. combustion
0-—100% LEL
0—400 Electrochemical onid
020 Electrochemical ovid
030 Electrochemical ovid
0 100% LEL, Hand operated
0-25% squeeze buld, cat.
oxid.
0—100% LEL Pt filament, cat. oxid
0--100% LEL Pt filament, cai. onid
0—100% LEL Pt filameni. cat. ovid
O=-=J00% LEL Pt lilament, cat. oxid
0--{00% LEL Pt lilament, cat. oxid
O} 1R dity
“?R303697" "‘
0 100% LEL Pt filament, id
0 100" LEL Pt lilament, cat. onic
0-25% Elecirolytic
S—40% Electrolytic
Conversion kit batter
operated pump
™ 4
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Nores: Dimentions = LaWzD wu-wmuomf(-ue); Kg = Hlocnns;:;bm - umwﬂhquM(V/V): LEL = lower
explosive limit; Pt = platinum; MOS = metailic oxide semiconductor; UV = shraviolet light; HC = hydrocarboas (aliphatic and aromatic); CO
= carbon monozide; Cat. = catalytic; Ozid. « oxidation.

Becharach Iasirument Co., Division of AMBC indusiries, Inc., 625 Alpha Dr., Pittsdurgh, Pa.

Alo available in the passive mode.

Built-in slarm.

Chart recorder available.

Biomarine Industries, Inc., 45 Great Valley Center, Malverne, Ps.

The Bendix Corp., Environmental and Process Instruments Division, Lewisburg, W. Va,

Century Systems, *

**Ecolyzer", Energetics Science, Inc., 83 Executive Bivd., Elmsford, N.Y.

Personnel monitor type.

Calibration kits (gas) avsilable.

‘Enmet, 2308 Industrial Hwy., Ann Arbor, Mich.

Conversion kit [or pessive instruments.

Gas Tech, inc., Johnsion Instrument Division, 331 Fairchild Dr.. Mountain View, Calif.

Interscan Corp., 9614 Cozycroft Ave., Chatsworth, Calif., U.S. Patert No. 4,017,373,

International Sensor Technology, 1201 S. Halladay S1., Senta Ana, Calif.

“MSA"', Mine Safety Appliances Co., 400 Penn Center Bidg., Pittsburgh, Pa.

All MSA models hand squeeze buld operated except models 100 and 2.

Four models available for five specific gases: pentane, octane, xylene, and combustible vapors.

Neutronics, Inc., 450 Drew Ct., King of Prussia, Ps.

*  Battery operated pump for coaversion 10 dynamic sampling mode for mm ismmmnu
76%0

« ® ® * 4 a v o @

T e w8 a4 g - w

Nitrogen dioxide
814 Nitrogen dioxide refill
1969 Phenol
970 Phenot refill
7067 Silica .
627 Silica refilt
%7 Suifide (H,S)
s Sulfide refill i 2

7691 Sulfyr diozide

1816 Sulfur dioxide refill
7702 ™Dt

me TDI refill

*  Kit consists of absorbing solution, reagents, instructions, and color comparator. Approximately 28 tem
per ki, .

*now manufactured by Foxboro, Burlington, MA.

‘ ~ AR303699

™ 4
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Manufacturer or

Chemtrix’

Draeger’

Dynamation
Combo*

Dictaphomne life-

Tritector
Edmont*

MDA*

Gas-Pro
Lumidce*
Gas Tech’

.

Gen Elect.’

IsT

Kitagawa*
Sipin®
MDA*
Dosimeter
MSA*

Revision 1
January 1987

INSTRUMENTS

Mode! number

$t—702¢"
Semtox 2°¢/
Semtox*!
$4-702+
Ny

OA222R¢"*
omM322
%00, 922°

H.S—8¢
CO—g**
HsS

Detector
CGS-8*

CGS-10*
OMA-10
CGS-10%1*
60-620 t0 60-626
€0-400
LP-BGA-g*°

umn
Protector®-¢!
Gastechtor* ¢/

Ares dosimeter

2500~
2900-NH* ¢
2400 ¢
2100+
2800 ¢
AG$100
AG6000° -

FPALO-D
TI78900

1000
2%0*

APPENDIX B

FOR PASSIVE AIR QUALITY MEASUREMENTS

Dimensions L2 W
% D(cm)

lt4x8.4x4.)
S.I1x64xn12.7
%.6%17.1x16.5
114x8.4x4.)
8.3x14.6x$

S.1%6.4x12.7
S.1x6.4x12.7
$.3x17.8x8

$.2x%17.8xS$
83x17.8x$

04x10.2x7

15.1x8.2x8.1
1S.1x8.2x8.]
7.6x15.2x3.}
12%9.8%4.3
12x9.5x6.3
12%9.5%6.3
12%9.5x6.3
Sx)3xi3
30.8 (diameter) »
7.6
MW xSt xiS]
Wx9Sx14
9.7%64x20
Px9sx4
12.7210.2= 8.1

10.3,13.5.18.9

. 10.3x13.5x18.9

10.3%1).8Sx18.9
10.3x(3.5x18.9
10.3x3§3.5x 189
76x8.1x52
7.6x5.1x8.2

12.1%7.0x3.8

25.4x17.9x%9.8
9xi39x8.1

Weight
kg
0.54
0.41
3.2
0.34
0.4

0.4
0.41
0.68

0.68
0.68
.37

0.68
0.68
0.40
0,62
0.7
0.56
0.7
0.48
3.6

0.46
Ry
0.97
FR )

0.64

Gas or vapor
detected

Combustible
Oxygen
HS
HS

Combustidle

1sobwiane
co

Combustible
Combustible

Range (ppm)

0 100% LEL
O dO%
3930

0 100% LEL

0-—40%
0-—40%

0—300

015 ppm
0—25%
Alarm-—-19.5%
Alarm—20%

0~ 100% LEL
30-—3500/TLV
18=19.5%
0—100% LEL
0—25%

$0— 100
10—100

0—25%

0—100% LEL
*25%
0—100% LEL
100

0—00% LEL
0-—100% LEL
0-=25%
0-~100% LEL
0--250

010, 20, 30
0200
05,023
0300, 0—100
0200

0~100
0—100% LEL
0-—-200

w AR3

0-—100% LEL
0-~100% LEL

W@

Principal of
operation

Hou Pt filamen:
Galvanic ceil

MOS-conductor
MOS-conductor
Pt-ceramic bead

Galvanic cell
Galvanic cell
Galvanic ceil
Pt ceramic bead

?

Galvanic cett
Galvanic cell
Galvanic cefl

MOS-conductor
Electrochemical

MOS-cooduci'
Galvanic celt

MOS-conductor
Galvanc ceil

MOS-conductor

Gatvanic celt (po-
larographic)

Galvanic

Hot Pt filament

MOS-conductor

Hot Pt filament
Hot Pt filament
Galvanic ceft

Hot Pt filament
Meter readout
TWA coulometer
MOS-conductor
MOS-conductor

MOS-conductor
MOS-conductor +
semi-permeabie

membrane
Hot Pt filament

Hot Pt filament
Hot Pt {ilament
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fe s

Biormarines Oxygen 0-25% Galvanic celt
Biomarines 244, 2440 IRRIX LR} A 0.31 Oxygen 0--25% Galvanic cell
NEL-Bendix’ Micro-Methano 800 0.26 Methane 0--5% ?
Meter-800 36x6=4.7
Guardian’’ 14.6%5.7x%10.8 - Combustible 173 LEL Hot Pt filament
2450 series
Nationsl Mine Safe- COMonitor*! S.Ix2.85%127 0.34 co 100, 200, M0 MOS-semiselect
y= . cat. combusiion
N.uimics“ Otox-90-91°¢ 17.8x21.6x38.1 1.36 Oxygen 0.1—-35% Galvanic cell
- H,S dosimeter 7.6=20.3%8.} 1.36 H,S 101350 Colorimetrictape
Otox-80°° IR sensor
AGM Series** 76220.3x8.1 1.3 Combustible below LEL Catalytic
gases -
Photo-ionization™ PHOI 4x221x1) 4.9 Seetabiein 0.1—600 UV ionization
' : the reference/calib-benzene
PI-101 e U4x2)x}) 4.1 See 1able in 0.1—600 UV ionization
the reference '
Texas Analytical 701 12x8.9x8.7 0.68 H.S 0100, 0—$0, MOS-conductor
Conirols* 025
IST* AG 6000 * *** T.6xS5.1x52 -0.8 . Combustible 0--100% LEL MOS-conducior
H,S 0-—200 + semipermeable
AG 3100 7.6xS5.1x8.2 0.8 Hydrogen 0100 membrane
: CO
Hydrocarbons  0—1000
Ammonia 0—400
Chiorine 0—30

Note: Dimensions = L x W x D = Length x Width x Depth (Wide); kg = kilograms; ppm = parts per million as volume per volume (V/

V); LEL = lower explosive limit; Pt = Platinum; MOS = meiallic oxide semni-conductor; UV = yliraviolet light

Built-in alarm.

Personnel monitor type.
Calibration gas kit available.

Bacharach Instrument Co., Division of AMBAC Industries, Inc., 623 Alpha Drive, Pitisburgh, Pa.
Also available in the dynamic mode-squeeze bulb.
Also svailable in the dynamic mode-battery operated pump.

Biomarine Indusiries, Inc., 43 Great Valley Center, Malvern, Pa.

Chart recorder available.

Chemirix, Inc., Giangarlo Scientific Co., 3237 Dawson Sireet, Pittsburgh, Pa.
Schinkman, M., Some aspects of measuring the oxygen concentralion in (as mixtures — using fuel cell sensors, Dracger Rev., 39, 34,
1977; see slso National Dracger, Inc., Parkway View Dy, Pittsburgh, Pa.

Dynamation Gas Detection Instruments, P.O. Box 228, Aan Arbor Mich.

Also availabie for other toxic gases on the TLV list.

Gas Detecrion Products, Dictaphone, Audio/Electronics Division, 47S Ellis Sireet, Mountain View, Calif.

Enmet, 2308 Indusirial Highway, Ann Arbor, Mich.

Edmont-Wilson, Division of Becton, Dickinson and Co., Cochocton, Ohio, U.S. Pstent No. 1,666,650.

MDA Scientific, Inc., 808 Busse Highway, Park Ridge, i,

Lumidor Products Corp.. Safety Division, 5364 N. W. 167th St., Miami, Fla.

Calibrated with methane (CH.).

Gas Tuch, Inc., Johaston Instrument Dmsion 331 Fairchild Dr., Mountain View, Calif.

Carboa Monozxide Detectors, Generat Electric, Aircraft Equipment Division, S0 Fordham Rd., Wilmiagton, Mass.

International Sensor Technology. 3201 South Halladay St., Santa Ana, Calif.

Formerly E. D. Bullard Company (1977).

*Sipia®’, Anatole 1. Sipin Co., Inc., 425 Park Ave. S., New York, N.Y.

Gas dosimeter cell records and accumulated Time Weighted Average (TWA).

Mine Safety Appliances Co., Inc., 400 Penn Center Bivd., Pittsburgh, Ps.

Micro-Methanometer, Model 800, Bendix Environmental and Process Instruments Division, Lewisberg, W Va.

National Mine Service Company, 3000 Koppers Bidg., Pitisburgh, Pa.

Oxygen, Hydrogen Sullide and Flammable Vapor Analyzers, Neutronics, Inc., 430 Drew Ci., King of Pruss 3,% m 3 Z & ’

HNU Systems, Inc., 383 Elliot St., Nmon Upper Falls, Ma; Representative: Giangarlo Scientifie Co., 3 tsburgh,
Pa.

* Texas Analytical Controls, 7707 Bissonnet, P.O. Box 42183, Houston, Tx. 77042-Phone (7111 7774062

Revision 1
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Compound

Acetic scid
Acetic sahydride
Acetone

Acetonitrilie
Acetylene
Acritet
Acrolein
Actrylonitrile

Alcohol
Ammonia

»Amy! alcohol
1so-Amyl aicohol
secAmyl aicofiol
terr-Amyt aicohol
aAmyl mercapian
{}-pentanethiol)
Aniline
Arsine

Benzene

Senzyt bromide
Benzyl chloride

Bromine

Sromobenzene
{(mono)

Sromoform

Butadiene

Butane
Sutyl acetate
2-8utony ethanol
(butyl celicsoive)
»Butyl alcohol
ts0-Butyl aicohol
sec-Butyl aleohol
terseButyl alcohol

»Butyl mercaplan
(1-butane thiol)
terr-Butyl mercap-
tan (2-methyl-2.
propanethiol)
Butylese(l)
Carbon dioxide

Revision 1 .

APPENDIX C

Detector tube identification, tube aumber, and detection range

COLORIMETRIC DETECTOR TUBES

Bendix-Gastec

81 (1—90 ppm)
81 (0.5—40 ppm)
151 ¢0.01—2%)

171 (0. 1—4%)

191 (10— 500 ppm)

3L (1 —60 ppm)
IH (0.2—32%)
M (10— 1000 ppm)

181 (1.25—60 ppm)

121 (=120 ppm)

136 (25~850 ppm)

‘132L (0.5=2S ppm)

"M (2—23 ppm)

136 (0.5—50 ppm)
174 (50000 ppm)

104 (S0— 1400 ppm)
142 ¢0.01—0.8%)

112 (100~ 1500 ppm)

2LL 10.03—0.5%)
2L (0.13—8%)
M (1—20%

January 1987 -

Driger

" 672666S (100 1000 ppm)
6722101 (S—80 ppm)

CH 22901 (100— 1200 ppew)

CH 26101 (500— 3000 ppm)

CH 26%01 (5130 ppm)

CH 29701 (100— 3000 ppm)

CH 25501 (25—700 ppm)

CH 31901 (0.5—10%)
0.05—1%)

CH 20301 ($—70 ppm)

CH 20401 (1—20 ppm)
CH 25001 (0.05—3 ppm)
(1 =60 ppm)
€7 18801 (540 ppm)
CH 24801 (15—420 ppm)
0.05—1.4 mg/L)

CH 24401 (qual)
6720031 (1—10 ppm)
(S 30 ppm)
CH 24301 (0.2—3 ppm)
(2—30 ppm)

CH 24401 (quah
CH 31201 (0.01--0.12%)

CH 26101 (0.1—1%)

CH 29701 (100— 3000 ppem)

CH 29701 (100— 3000 ppm)

CH 31201 (1 -0 mg/ 1)
CH 3000! (0.01—-0.3%)
CH 23501 ¢0.1—1.2%)
0.5—6.5%)
CH 25101 (1—20%)

Matheson-Kitagawa

$014-133 (0.004—1.6 %)

$104-102A (0.05—5.0%)
$104-102C (0.01—4.0%)

8104-101 (S0~ 1000 ppm)

9014136 (0.003—2.5%)
8014-128A (0.1—3.5%)
$014-1288 (10— 500 ppm)
$104-1058 (20— 700 ppm)
8014-105A (1—~25%)

804-140 (S— 160 ppm)
$014-1186 (2—70 ppm)

8014-118A (10—~310 ppm)
8014-1188 (25345 M)

8014—114 (1—30 ppm)

8014-168A (0.03—2.6%)
8014- 1688 (30400 ppm)

9014-138(0.01—1%)

-~

34206

8014-1268 (100—7,000 ppm)

AR303702

MSA

93963 (25— 1000 ppm)
92423 (S—400 ppm)

91624 (10200 ppm)
82802 (3—600 ppm)
91624 (8—70 ppm)

91624 (5—150 ppm)

92115 (10—1500 ppm)

95097 (25--2000 ppm)
95097 (30— 1000 ppm)
95097 (25—2000 ppm)
95097 (25— 2000 ppm)

454206 (0.5— 100 ‘

93074 (5200 ppm)

82399 ($—7S ppm)
87042 (5~~200 ppm)
93074 (10—1800 ppm)

93962 (1004000 ppm}

95097 (30--900 ppm)

95097 (50-~4000 ppm)
95097 (50— 4000 ppm)
95097 (3504000 ppm)
95097 (100~ 1000 ppm)
92118 (2100 ppm)
(0.3 100 ppm)

454206 (0.5~ 100 p‘

85976 (0.1 —10%)
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Chiorine dioxide
‘ Chiorobenzene
Chlorobromome-
thane

Chioroform (irich-
foromethane)

Chloropicrin
1-Chioro-1 .1 di-
fluoroethane (Ge
sctron 1428)
Chlorodifluorome-
thane (Freon®
2y
1-Chioro-1 -aitro-
propane
Chioropentafivoroethane
(Freoa® §15)
Chioroprene

Chlosotriflucromethane
(Freoa® 13)

Cumens

Cyamogen
| Cysaogen chioride
| Cyclohexane

Cyciohexanol
‘ Cycloherylamine
Diborane

1,1-Dibromoethane
1,2-Dibromoethane

Revision 1
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13 (5=-30)

ILL (5—=90 ppm)
iLa (8- 1000 ppm)
1L (50— 2000 ppem)
IM ©.1-—4%)

iH ©.2—10%)

134 (1—60 ppem)

SLA 0.3—~16 ppm)

CH 31401 ©0.5—10%)

CH 20301 ($—60%)

CH 26001 (13—228 ppm)
©.04—0.9 mg/L)

CH 23201 (©.1—10mg/L)
(323200 ppmm)

CH 28900 (10~—300 ppen)
(100— 3000 ppm)

CH 19701 (8150 ppen)

CH 25601 (5150 ppm)
(300700 ppm)

CH 20601 (10— 300 ppm)
(100-- 3000 ppm)

CH 29¢0! (0.1—1.2%)

CH 24901 (0.3—4%)

CH 29901 (0.5—7%)

67 18301 (2002500 ppm
CO)

CH2™
CH 27401 (10— 100 ppm)
CH 20701 (50— 500 ppm}

CH 24301 (0.2—3 ppm)
(230 ppm)

8014-141 (10—200 pow)

8014-100 (20— 1000 ppm)

8014-106A (10—6000 ppm)
90(4-1068 (10~-4000 ppm)
8014-106C (1048000 ppen)

8014-147 (3300 ppm)

8014-109 (1 —40 ppm)

SLA (0.3—16 ppm) CH 24301 (0.1—1.5 ppm) 8014-116 (1--40 ppm)
121 ($=-1350 ppm) - g -
136 (8—80 ppm) - -
138 (40--350 ppm)
- : CH 27301 (5—30 ppm) 8004-152 (73400 ppm)
134 (1—60 ppm) - -
- 67 18901 (3-~60 ppm) 8014-169 (S~—800 ppm)
(7.5—90 ppm)
122  (5—2400 ppmm) CH 27001 (0.1—7 mg/L) -
(25— 1860 ppm)
- CH 19001 (0.28—$ ppm) -

102H (0.015—1.2%)

6718101 (0.05—3 ppm}

13 (7—0ppm) -

136 (680 ppm)

12t

maa maame gl

(10700 ppm)

6725201 (100—-1500 ppre)

2014-115 (0.01—0.6%)

AR303703

93297 (5300 ppm)

91229 (10— 3000 ppen)
47134 (0.01—0.1 %)

88536 (10200 ppm)

$7042 (3100 ppm)
$2399 (0.5—20 ppm)

82399 (0.05— 16 ppm)
85834 (10200 ppm)
93074 (10— 800 ppm)
85833 (50— 500 ppm)

88536 (25— 500ppm)
88336 (25400 ppm)

88536 (1002500 ppm)
92030 (100—400 ppm)

88536 (2002000 ppm)

91624 (2~75 ppm)

88536 (2002000 ppm)
88536 (2502500 ppm)

92030 (200— 3500 ppm)

91624 (2100 ppm)

ﬁﬁﬁéﬁ&@?

88336 (10200 ppm)
($==100 ppm)
- -, (10==200 ppm)
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Dichiorodifiuoromethane
(Freoa® 12)
1,1-Dichiorosthane
1,2-Dichiorosthyiene

1,.2-Dichloroethane
(ethylene dichioride)
Dichioroethyl ether
1,1 Dichloro-1-nitroethane
Dichiorotetraliuoroethane
(Freon® 114)
- Diethyl benzene

Disthylamine
Digthyi ether
Dimethyl aniline
Dimethyl sulfate
Dimethy! acetamide
Dimethylamine
Dimethyl ether
Dimethylformamide
1.1-Dimethyl hydrazine
Diozane
Dimethyl sulfate

(ester)
Dimethyl suifoxide
Di-N-propylamine
Ethyi acetate
2-Ethoxyethanol (Cetlosoive)

Ethyl alcohol (ethanot)

Ethylamine
Ethyl benzene

Ethyl bromide
Ethyl chloride

Ethylene (cthene)
Ethylene

Ethylenedizmine

Ethyl mercapian

Ethylene dibromide

Ethylene imine

Ethylene oride

#Ethyl morpholine

Fluorotrichioromethane
(Freoa® 11)

Fermaldehyde

Formic acid
Fumi-1-Gate
Fucan (fuefuran)
Furfuryl slcokol

Revision 1
January 1987

132H (10--430 ppm)

122 (25--2400 ppm)

3L (1.6—48 ppm)
161 (0.04—1.0%)
181  (2.5—4S ppm)

L (2-—30pom)
16l 10.03—0.9%)

163 (0.5—5.6%)

14)  (0.04—1.5%)

112 0.05—5%)

122 (7—700 ppm)

172  (50--800 ppm)
172L 0.2—50 ppm)

IL. (4=120ppm)
7  (3=120ppm)
136 6—80ppm)

163 ©.1-3.0%)

1 (2—-20ppm)

8t (1—00ppm)

CH 27301 ($—50 ppm)

CH 27801 (0.1=7 mg/L)
(25— 1860 ppm)
(5—~60 ppm)
(100—4000 ppm)

67 18401
67 30501

(10--40 ppm)
(5—4&0 ppm)
67 18501 (1040 ppm)
CH 31901 (0.25—3 ppm)

6720011
67 18401

6718701 (0.2—$ ppw)
6718901 (S—60 ppem)

CH 2020! (200— 3000 ppm)

CH 29701 (100— 3000 ppwn)

67 18401 (5—60 ppm)

" CH27801 (0.1—~7 mg/L)

(25— 1860 ppm)

CH 26101 {0.5—2%)
6728051 (50—2500 ppm)

CH 20801 (2— 100 ppm)

CH 31901 (0.25—3 ppm)
CH 26101 (1.5—5%)

CH 27401 (530 ppm)

CH 26401 (2—40 ppm)
0.002—0.0%

mg/L)
672270t (1—15 ppm)

8014-145 (10—400 ppm)

0014-107 (0.04—1.4%